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THE MONTEREGIAN HILLS—A CANADIAN PETRO- 
GRAPHICAL PROVINCE. 
GENERAL STATEMENT. 

In the province of Quebec between the enormous expanse of 
the Laurentian highlands to the northwest, constituting the 
“Canadian Shield,” and the disturbed and folded tract of coun- 
try to the southeast which marks the Appalachian uplift, there is 
a great plain underlain by nearly horizontal rocks of Lower 
Paleozoic age. This plain, while really showing slight differen- 
ces of level from place to place, seems to the casual observer 
perfectly flat. Its surface is mantled with a fertile soil consist- 
ing of drift redistributed upon its surface by the sea which at the 
close of glacial times covered it. The uniform expanse of this 
plain, however, is broken by several isolated hills composed of 
igneous rocks, which rise abruptly from it and which constitute 
very striking features of the landscape. It was at the foot of 
one of these hills rising by the side of the river St. Lawrence, 
and which he named Mount Royal, that Jacques Cartier on his 
first visit found the Indian encampment of Hochelaga, whose 
site is now overspread by the city of Montreal, which has not 


only grown around the foot of the hill, but has extended up its 


sides and has reserved its summit as a park. 

From the top of Mount Royal the other hills referred to can 
all be seen rising from the plain to the east, while to the north 
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the plain stretches away unbroken to the foot of the Laurentian 


country. 

As has been remarked by Sir Archibald Geikie :* 

The word “mountain” is properly speaking not a scientific term. It 

includes many forms of ground utterly different from each other in size, 
shape, structure, and origin. In a really mountainous country the word 
would be restricted to the loftier masses of ground, while such a word as 
“hill” would be given to the lesser heights. But in a region of low or 
gently undulating land, where any conspicuous eminence becomes important, 
the term “mountain” is lavishly used. In eastern America this habit has 
been indulged in to such an extent that what are, so to speak, mere hum- 
mocks in the general landscape are dignified by the name of mountain. 
The hills under consideration, while by no means ‘mere hum- 
mocks,"’ being situated in such a country of low relief, seem to 
be higher than they really are and are always referred to locally 
as ‘*mountains.” 

These mountains, whose positions are shown on the accom- 
panying map (Fig. 1), are eight in number, their names and 
their height above sea level being as follows: 

769.6 feet 


Montarvilie or Boucherville mountain - Not yet accurately determined 


Beloeil - - 1,437 feet (Leroy) 
Rougemont 

, - Not yet accurately determined 
Yamaska \ 
Shefford . 1,600 feet (Dresser) 
Brome 1,440 feet (Dresser) 


Mount Johnson or Monnoir - 875 feet 

Brome mountain is by far the largest of the group, having an 
area of 30 square miles. Shefford comes next in size, having an 
area of rather less than nine square miles, while Mount Johnson, 
which is very much smaller than any of the others, has an area 
of only .422 of one square mile. 

Of these eight, the first six, as Logan? notes, “ stand pretty 
nearly in a straight line,” running approximately east and west, 
Mount Royal being the most westerly, and the others following 
in the order in which they are enumerated above, until Shefford 
mountain is reached, which is the most easterly member of the 
series. The distance from Mount Royal to Shefford is fifty 


* Text- Book of Geology. * Geology of Canada, p. 9. 
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miles. Mount Johnson and Brome mountain lie on a line paral- 
lel to them, but a short distance to the south, Rougemont being 
the nearest neighbor to Mount Johnson and Brome mountain 
being immediately south of Shefford. It is highly probable, in 
view of this distribution, that these ancient volcanic mountains 
are, as is usual in such occurrences, arranged along some line or 
lines of weakness or deep-seated fracture. The “pretty nearly 
straight line’ referred to by Logan on which the first six moun- 
tains of the group are situated must be considered either as a 
single line with a rather sharp curve in the middle, or as made 
up of two shorter straight lines, each with three mountains, 
which diverge from one another at an angle of about 30°, Mon- 
tarville being located at the point of intersection. Mount John- 
son and Brome mountain might then be considered as situated 
on short subsidiary fractures. 

Brome and Shefford, however, which are the two largest 
mountains of the series and which are only separated by a dis- 
tance of a little over two miles, are probably connected at no 
great depth below the surface, forming in reality one large mass, 
while Mount Johnson, like the similar volcanic necks of Fife and 
Wiirtemberg, may have no direct connection with any line of 
fracture. It must be noted, as mentioned by Dresser," that 
while six of these mountains rise from the horizontal strata of 
the plain, the two most easterly members of the group, named 
Shefford and Brome, while still to the west of the axis of the 
range, lie well within the folded belt of the Appalachians, 
though, owing to the extensive denudation from which the 
region has suffered, this folding has had but little influence on 
the local topography. 

No collective name has hitherto been proposed for this 
remarkable group of hills.2. From their intimate geological 

“(mn the Petrography of Shefford Mountain,” Amer. Geol., October, 1901. 


*'The only instances in which these hills have been referred to as a geographical 
unit are, so far as can be ascertained, in a paper by STERRY HUNT entitled “On Some 
lyneous Rocks of Canada,” Am. Jour. Science, March, 1860, where they are called the 
Montreal group; and by ELie pe BEAUMONT, who ina late edition of his Sys/émes des 

Vontagnes included these hills as one of his systems, under the name of the “*Systéme 
le Montréal.” See PRestwicn, Geology, Chemical, Physical and Stratigraphical, Vol. 
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relationship, however, constituting as they do a distinct and 
remarkable petrographical province, such a name is required. | 
propose to call them the Monteregian Hills, deriving their name 
from Mount Royal (‘Mons Regius”’), which may be taken as 
their type, being as it is the best-known member of the group. 

There are certain other hills which have been considered by 
former workers in the geology of this district to belong to this 
group. Thus Logan thought that Rigaud Mountain, situated 
near the margin of the plain, by the river Ottawa, about forty 
miles west of Mount Royal, was “probably connected with”’ the 
series.’ Ells? also included Mont Calvaire, a large, low mass 
which rises from the plain immediately to the north of the Lake 
of Two Mountains, near the junction of the Ottawa and the St. 
Lawrence. 

Ells also refers to “the hills on the west side of Memphre- 
magog lake and to the northeast toward the Chaudieére river and 
beyond” as bearing a marked resemblance to the rocks of 
Mount Royal, Yamaska, etc., and as probably being of the same 

In a careful study of Rigaud mountain, recently completed 
by Mr. Leroy,‘ of this university, it is shown that the rocks con- 
stituting this mountain are different in character from those of 
the Monteregian hills, being composed of a reddish hornblende 
syenite and a quartz-bearing porphyry. These rocks, however, 
were found to be identical in character and composition with a 
great area of syenite, cut by porphyry, mentioned by Logan as 
occupying some forty square miles in the townships of Chatham 
and Grenville on the margin of the Laurentian plateau, a few 
miles to the north of Rigaud mountain. Owing to the drift 
which mantles this district, the actual contact of the igneous 
rock of Rigaud mountain and the Paleozoic strata of the plain is 


' Geology of Canada, 1863, p. 9. 

?“Report on a Portion of the Province of (QQuebec,” Ann. Rept. Geol. Surv. of 
Canada, Vol. VII, Part J, 1896. 

3Eastern Townships Map (Montreal Sheet), Ann. Rept. Geol. Surv. of Can- 
ada, Vol. VII, Part J. 


4 Bull. of the American Geological Society, Vol. X11, 1901. 
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nowhere visible, so that it is impossible to determine whether 
the mass of Rigaud mountain cuts through the strata in ques- 
tion, as in the case of the Monteregian hills, or whether it is 
pre- Paleozoic in age. The same is true of the mass in Chatham 
and Grenville, the actual contact here also being found by Mr. 
Leroy to be banked up with drift. The narrow margin of gneiss 
shown on Logan’s map' between the Chatham syenite and the 
Paleozoic is also conjectural, the area being likewise drift- 
covered. Rigaud mountain is furthermore of a different shape 
from the mountains east of Montreal, being six miles in length 
and only two and one-half miles wide ; at the eastern end of it, 
moreover, there is found an occurrence of ordinary Laurentian 
gneiss. The abrupt and straight southern boundary of the Lau- 
rentian plateau along this part of its course probably marks a 
fault. Ells has noted the existence of other faults in this dis- 
trict, one of which he believes to follow the north side of Rigaud 
mountain, It is thus highly probable that the ridge known as 
Rigaud mountain does not belong to the Monteregian hills, but 
that it is a portion of the Laurentian plateau separated from the 
main area by faulting and stripped of its original covers of Pale- 
ozoic strata by denudation. It is probable that Mont Calvaire, 
as regarded by Logan, is also an outlying portion of the Lauren- 
tian plateau. 

The hills on the west side of Lake Memphremagog and to 
the northeast toward the Chaudiére river, referred to by Dr. 
Ells, so far as is known, are quite different in petrographical 
character from Mount Royal and the other members of its group. 
They constitute a chain of hills occupying a tract of country 
some four miles wide and thirty-five miles in length, in the 
heart of the Appalachian uplift and following the strike of the 
Appalachian folding. Many of them, as Owl’s Head and Orford 
mountain, rise to a very considerable height, these peaks having 
a height of about 2,400 and 2,800 feet respectively; forming, in 
fact, the highest elevations in this part of Canada. So far as has 
been ascertained, these mountains are in all cases composed of 


‘ Atlas to accompany the Geology of Canada, 1863, Map No. 2. 
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highly altered rocks. Many of them are altered diabases.". In 
other cases the alteration is so far advanced that it is impossible 
to determine the character of the original rock. Many of them 
have been completely altered to masses of serpentine. Nephe- 
line-syenites, essexites, and similar rocks have not as yet been 
found anywhere in this chain of hills. A series of dyke rocks 
from Lake Memphremagog, examined by Marsters,’ were found 
to be chiefly granites and lamprophyres, with one typical camp- 
tonite. It would seem therefore, that while our knowledge of 
these hills is as yet very imperfect, the evidence at our command, 
so far as it goes, points to them as belonging to a group quite 
distinct from Mount Royal and its associates. The petrograph- 
ical province of the Monteregian hills may therefore, in the pres- 
ent state of our knowledge, be said to comprise only the eight 
mountains enumerated on p. 240, together with the consanguine- 
ous dykes which at many points are found cutting the rocks 
of the surrounding plains. 

The first description of these hills was that given by Logan 
and Hunt in the early years of the Canadian Survey. To Hunt 
especially we owe a somewhat extended description of the petrog- 
raphy of the group anda number of chemical analyses, more 
especially of the constituent minerals of certain of the rocks. 
These descriptions are, however, very general and often very 
imperfect, as must necessarily have been the case before the 
introduction of modern petrographical methods. Nor were cer- 
tain important petrographical relationships observed which have 
in later times come to be recognized. This early work, how- 
ever, is of great interest, and in case of three of the mountains 
almost all the information which we have even at the present 
time, is derived from those early studies. The results of this 
work were brought together in the Geology of Canada, published 
by the Geological Survey of Canada in 1863, and are to be found 
on pp. 655-70. During the thirty years following the appear- 
ance of this volume, only three papers containing additional 
information concerning these rocks appeared. These were by 


'F. D. AbAMs, Ann, Rept. Geol. Surv. of Canada, 1880-81-82, pp. 12-13 A. 


2 dmevican Geologist, July, 1895. 
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Harrington,’ Lacroix,’ and the present writer,3 respectively, all 
dealing with Mount Royal. In 1896 the ‘Montreal Sheet” of 
the Eastern Townships Map, prepared by Ells, and embracing the 
district of the Monteregian hills, was published by the Geologi- 
cal Survey of Canada and accompanied by a geological report 
on this portion of the province of Quebec. Four years later 
Principal Dresser of St. Francis College, Richmond, aided by a 
small grant from the Geological Survey of Canada, made a care- 
ful study of Shefford mountain, and a preliminary paper embody- 
ing the chief results of his investigations appeared in 1901.4 Mr. 
Dresser last summer extended his work to Brome mountain, and 
has since published a brief description of this occurrence.5 Mr. 
O. E. Leroy, of McGill University, is now engaged in a study of 
Beloeil, and I am indebted to him for the facts concerning the 
geology of this mountain which are here presented. Montar- 
ville, Rougemont, and Yamaska mountains still await detailed 
study, but it is expected that they also will before long be put 
in commission. 

In the present paper it is proposed first to gather together 
the more important facts concerning the geology of the Mon- 
teregian hills which are scattered throughout these various pub- 
lications, revising some of the earlier work and embodying the 
results of later personal studies, and then to describe in some 
detail one of these hills— Mount Johnson—of which hitherto 


but little has been known. 
PETROGRAPHY OF THE MONTEREGIAN HILLS. 


Hunt distinguished four types of igneous rocks as constitu- 
ents of the Monteregian hills. These he classed as trachyte, 

**On Some of the Diorites of Montreal,” Ann. Rept. of the Geol. Surv. of Can- 
ada, 1877-78, 42 G. 

?* Description des syénites néphélinitiques de Pousac et de Montréal (Canada) 
et de leurs phénoménes de contact,” Bud/. Soc. Géol. de France, 3° série, tome XVIII, 
1890. 

3* (na Melilite-Bearing Rock (Alndite) from St. Anne de Bellevue near Montreal, 
Canada,” Amer. Jour. of Sctence, April, 1892. 


4“ On the Petrography of Shefford Mountain,” Amer. Geol., October, 1901. 


5 Summary Report of the Geological Survey Department for 1901, p. 183. 
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phonolite, diorite, and dolerite, respectively. In this classifica- 
tion no distinction was made between rocks occurring as dykes 
and the great igneous intrusions which form the body of the 
hills; differences in structure resulting from mode of occurrence 
were not considered, the classification being based upon min- 
eralogical composition alone. 

Recent investigations have shown that Hunt’s names do not 
convey an accurate idea of the petrography of these hills, nor 
do they set forth the interesting relationships of the various 
rocks composing them. It is necessary for this purpose to adopt 
a more modern nomenclature, for all the mountains of the group 
are composed of a family of consanguineous rocks, and taken 
together they present one of the finest examples of a petrographi- 
cal province hitherto discovered. They consist, furthermore, of 
a rather rare class of rocks characterized by a high content ot 
alumina and alkalies, especially soda. 

The rocks forming the great intrusions which make up the 
mass of these mountains belong to two well-characterized types 
—one light in color, poor in iron-magnesia constituents, and 
comparatively high in silica; the other dark in color, rich in 
iron-magnesia constituents, and with a lower content of silica. 
They may be classed as follows, if Rosenbusch’s nomenclature 
be followed: 

1. Alkali-syenite, nepheline-syenite, or sodalite-syenite. 

2. Essexite. 

The first is an alkali-syenite, always containing a little neph- 
eline, but this mineral in some cases becoming so abundant that 
the rock passes into a true nepheline-syenite, or, by the replace- 
ment of the nepheline by sodalite, into a sodalite-syenite. This 
in the case of Mount Johnson and Shefford mountain is repre- 
sented by the variety known as pulaskite; in Brome mountain 
it is stated by Dresser to resemble Brégger’s laurvikite,* while in 
Mount Royal and Beloeil it is a nepheline-syenite. At the latter 
mountain a sodalite-syenite also occurs in association with the 
nepheline-syenite. Nepheline-syenite is also known to form 
part of Yamaska mountain. In addition to the syenite of the 


*Summary Report of the Geological Survey of Canada, 1901, p. 187. 
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pulaskite variety, Dresser found in Shefford mountain a large 
development of a distinctly more acid type of the syenite magma, 
the rock showing occasionally a few grains of quartz. This rock 
he has classed as nordmarkite. These light-colored syenites, 
together with certain dykes of bostonite having a general simi- 
larity in composition, were the rocks classed by Dr. Hunt as 
trachytes. 

To the essexites belong the dolerites and diorites of Hunt, 
when he applied these terms to the great igneous intrusions of 
the mountains and not to mere dykes. They usually contain 
both hornblende and pyroxene, but the relative proportion of 
these two minerals varies considerably in the different occur- 
rences. Olivine is sometimes present. Hunt did not recognize 
the presence of nepheline in these rocks, nor the highly alkaline 
character of the magma which they represent, and _ classified 
them as dolerite or diorite according to the preponderance of 
pyroxene or hornblende, noticing certain occurrences in which 
the former rock passed into a pyroxenite or peridotite. 

The greater part of Mount Royal is composed of an essexite, 
usually very basic, the dark-colored constituents forming a very 
large proportion of the whole rock. This was classed by Hunt 
as a dolerite, but is almost identical with the essexite of Mount 
Johnson, which Hunt classes as a diorite. This same rock is 
stated by Hunt to make up the greater part of Montarville and 
Rougemont and to form a portion of Yamaska mountain. An 
examination of thin sections of specimens of the Rougemont 
rock in the petrographical collection at McGill University shows 
it to be an essexite, rich in olivine. Dresser has found it to con- 
stitute approximately one-half of Shefford mountain and also to 
form large areas in Brome mountain. It makes up the greater 
part of Mount Johnson and forms the mass of Beloeil. 

It is thus seen that the essexite magma is represented in 
every one of the eight mountains, and that in six of them at least 
it is associated with the syenite magma. The remaining two, 
Montarville and Rougemont, which have not been thoroughly 
examined as yet, while certainly composed chiefly of essexite, 
will probably be found, on further study, to present a develop- 


ment of the syenite in some portions of their mass also. 


) 


THE MONTEREGIAN HILLS 249 


In addition to these bodies of intrusive rock which form the 
mass of the mountains, great numbers of dykes occur cutting both 
the surrounding sedimentary strata and the intrusions. These 
are, of course, especially numerous in and around the mountains 
themselves, but are also occasionally found far removed from 
the centers of activity. The relative abundance of these dykes 
in the vicinity of the several mountains varies greatly. They 
swarm through the Paleozoic strata about Mount Royal, cutting 
the limestones in all directions and also traversing, although 
less frequently, the igneous rock of the main intrusion as well. 
No less than twenty-nine dykes and flows, belonging to at least 
four and possibly five separate series, each cutting the preceding 
set, were mapped by Dr. Harrington some years ago in an exca- 
vation measuring 220 yards by 100 yards which was opened up 
in the Trenton limestone on the flank of Mount Royal during 
the construction of the Montreal Reservoir extension. Dykes, 
in fact, abound wherever in the vicinity of Mount Royal the bed- 
rock is exposed by the removal of the mantle of drift, as for 
instance at the Mile End Quarries, St. Helen’s Island, and in the 
bed of the St. Lawrence about Point St. Charles when it is 
exposed at low water. The whole district about the city would 
present a network of dykes, could the overlying drift be 
removed. 

Dresser mentions dykes as occurring abundantly about Shef- 
ford mountain. In Mount Johnson, on the other hand, they are 
almost entirely absent. Only five dykes could be found after a 
careful exploration of the whole occurrence, and they were of 
insignificent dimensions. But very few dykes also occur at 
Belocil mountain. A large number of the dyke rocks have been 
collected from the various occurrences and are now awaiting 
investigation in the geological department at McGill University. 
The work on the dykes of Mount Royal is now well advanced 
and, it is hoped, will be ready for publication shortly. They 
form a most remarkable series, comprising bostonites, tinguaites, 
sélvsbergites, camptonites, fourchites, monchiquites, and alndites. 
Most, if not all, of the types of dyke rocks which have been 


described as occurring in association with the alkaline rich 
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magmas of the theralite and nepheline-syenite groups in any part 
of the world are thus represented. To these dyke rocks belong 
Hunt's phonolite, which he considered to differ from the trachyte 
in that it contained a certain proportion of natrolite. The two 
occurrences which he describes‘ are both from points near Mon- 
treal. They are nepheline bearing dykes in an advanced stage 
of alteration. 

As has been mentioned, dyke rocks which from their com- 
position are clearly connected with the intrusions of the Monte- 
regian hills have been found cutting the rocks of the plain at very 
considerable distances from any of the main centers of activity. 
Thus, in addition to occurrences at Laprairie, Lachine, Riviere des 
Prairies, Ste. Anne de Bellevue, St. Paul’s Island in the vicinity 
of Montreal, several dykes and flows of ‘“trachyte”’ ( bostonite ) 
are noted by Hunt and Logan as occurring about Chambly, 
which is six miles to the south of the line of the Monteregian 
hills,? while the occurrence of a ‘dolerite dyke at St. Hyacinth, 
ten miles north of the line, is mentioned.3 

A sheet of trap evidently connected with these intrusions also 
occurs at St. Lin, * twenty-four miles north of this line, where it 
alters the Chazy limestones through which it cuts into a pink 
marble. It is very much decomposed, but evidently belongs 
to some variety of the nepheline or melilite dyke rocks above 
mentioned. 5 

Whether the camptonite and in some cases bostonite dykes, 
described by several authors from various points in the states of 
Maine, New Hampshire, and Vermont, adjacent to the Canadian 
line, and the still more distant occurrences of similar dyke rocks 
in the state of New York, are connected with the Monteregian 
hills, is not yet known. There seem to be no intrusions of 
nepheline-syenite or essexite hitherto discovered with which 
these southern dykes can be connected in the districts in which 


they occur. The umptekite intrusion of Red Hill, Molton- 
' Geology of Canada, pp. 659-61. 3 Jbid., p. 210. 
* /bid., pp. 209 and 657. 4 Jbid., p. 133. 


5 F. D. Apams, “ Report of Geology of Laurentian Area to North of Island of 
Montreal,” Ann. Rept. Geol. Surv. of Canada, Vol. VIII, J, p. 139, 1896. 
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boro, N. H., is, however, closely related to the Monteregian 
pulaskite in character and composition, and may prove to be 


such a center. 


STRUCTURE AND ORIGIN OF THE MONTEREGIAN HILLS. 


The question of the mutual relations and relative age of the 
several rock types constituting these hills presents many points 
of interest. In the case of Mount Royal the essexite which con- 
stitutes the greater part of the mountain was the earliest intrusion. 
When this had become solid the nepheline-syenite broke through 
it, sending arms into it and catching up detached fragments of 
the shattered essexite. The same sequence in time is, according 
to Dresser, to be seen in Shefford Mountain. The basic essexite 
here forms the earliest intrusion, and was succeeded by the 
pulaskite and more acid nordmarkite. Mount Johnson, however, 
presents the two rocks in an entirely different relation. Here, 
as will be shown later, there was but a single period of intrusion. 
For although both rocks are present in the mountain, the essexite 
forms the central portion of the mass and passes over into 
pulaskite about the periphery of the neck. The mountain thus 
consists of essexite in its center, surrounded by a zone of pulas- 
kite, the two rocks passing imperceptibly into one another. Mr. 
Leroy considers it probable that a similar passage takes place in 
the case of Beloeil mountain, but it is there difficult accurately 
to determine the relations of the magmas to one another on 
account of the covering of drift which obscures the contact. 

It is thus evident that the two rock types constituting the 
Monteregian hills are differentiation products of a single magma, 
the separated magmas, however, in the case of Mount Royal 
and Shefford having been erupted in succession instead of 
simultaneously. In connection with the question of differentia- 
tion, another noteworthy fact is that the more easterly mountains 
contain proportionately more syenite and the western hills a 
greater proportion of the essexite. The bearing of this fact on the 
character of the differentiation which took place in the subter- 
ranean magma basin can be more profitably discussed at a later 


date when the precise character and relative extent of the intru- 


to 
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sions in Yamaska, Rougemont, and Montarville have been deter- 
mined. 

With regard to the structure of these mountains, it may be 
noted that Logan, who first examined them, refers to them as 
“intrusive masses breaking through the surrounding Paleozoic 
strata.”* They are thus represented in the geological sections 
of this district contained in the atlas accompanying his report. 
Ells refers to them simply as “eruptive mountains.”* The more 
detailed studies of Shefford and Brome mountains recently 
carried out by Dresser, however, have led him to consider these 
two occurrences as uncovered laccolites. Concerning Shefford 
mountain he says: 

The sedimentary strata which surround the mountain... . are found 
to wrap around the igneous mass of the mountain, mantling it with a 
hardened contact zone to a height of 300 to 1,000 feet above the surrounding 
country, according to the direction of glaciation. Above the latter height 
the mountain rises upward of 200 feet, the summit being capped by an 
outlier of Trenton slate about a quarter of a mile in extent. This preserves 
the cleavage, dip, and strike of the similar rock at either side of the moun- 
tain and is penetrated by dykes from the underlying igneous rocks. From 
these facts, together with the absence of tufaceous material and the general! 
arching of the strata around the mountain, it is inferred that Shefford moun- 
tain is an uncovered laccolite rather than the denuded neck of a once active 
volcano, 
In Brome mountain also the presence of outlying masses of the 
surrounding sedimentary series at high levels lying upon the 
igneous rock of the intrusion ‘seem to indicate unmistakably 
that Brome mountain, like Shefford, is an uncovered laccolite 
and has never been an active volcano.’’4 

Mount Johnson, on the contrary, as will be shown, is a typical 
neck or plug, representing a portion of the conduit through 
which the magma rose, to fill laccolites above in strata which 
have long since been swept away by erosion, or to be poured 
out at the surface at volcanic vents. This is seen by the fact 


' Geology of Canada, p. 655 
inn. Rept. of Geol. Surv. of Canada, Vol. VIL, J, p. 71. 
Imerican Geologist, October, 1901, p. 204. 


4‘ Geol. Surv. of Canada, Summary Rept. for 19014, p. 187. 
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that the flat-lying strata all about it are not arched up, but abut 
sharply against the igneous core of the mountain and are cut off 
by it. Being shales, they are of course baked to hornstones, 
but show no signs of upheaval or tilting. The small size and 
almost circular cross-section of the mountain are a further indi- 
cation of this origin; and finally there is conclusive proof that 
there was a vertical or upward movement of molten rock through 
the pipe. The mountain has been figured by Professor Davis, 
in his Physical Geography, from one of the author's photographs, 
as a typical example of a volcanic neck. 

In a recent paper by Buchan' the view was put forward that 
Mount Royal represents the remnant of a denuded laccolite— 
on the ground that on one side ot the mountain, toward the 
summit, there is an isolated mass of flat-lying, altered Paleozoic 
limestone, evidently a part of the sedimentary strata of the plain 
from which the mountain rises. This alone, however, is not 
sufficient to establish a laccolitic origin, and opposed to such an 
explanation is the fact that where the strata of the plain are seen 
along their immediate contact with the intrusion in many places, 
especially on the eastern and northern side of the mountain, 
they abut against the intrusive rock and are cut off by it instead 
of being uptilted, the igneous core of the mountain rising up 
precipitously like a wall across the truncated edge of the beds. 
The occurrences of the flat-lying limestone on the side of the 
mountain referred to above appear to represent the remnant of cer- 
tain beds, beneath which a portion of the intrusive mass penetrated, 
after the manner of a laccolite, on one side of the mass. = Their 
existence does not by any means indicate a laccolitic structure 
for the mountains as a whole, or that the igneous material did 
not find a vent at the surface, there developing a volcano. In 
fact, there is evidence in the existence of a remarkable deposit 
of a breccia-conglomerate in several places around the mountain 
that it did develop as a volcano and that the materials constitut- 
ing the deposit in question were ejected from it. A study of 
this breccia was undertaken last autumn by one of the geological 
field parties of McGill University, and a description of it, with a 


‘ Canadian Record of Science, Vol. VUIL (1901), p. 321. 
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discussion of its origin, is now in press and will appear in the 
Canadian Record of Science within the next few weeks. The other 
four hills have not as yet been studied in sufficient detail to 
enable any definite statement concerning their structure to be 
made. 

In the Monteregian hills there are thus intrusions of the 
nature of laccolites, true necks, and probably also of stocks. 
The age of the intrusions cannot as yet be definitely determined. 
They are later than the lower Devonian, for some of the dykes 
connected with Mount Royal cut limestones which belong to the 
summit of the upper Silurian, while fragments of limestone which 
are shown by the fossils which they contain to be referable to 
the lowest beds of the Devonian, occur as inclusions in the vol- 
canic breccia or agglomerate which is found about the flanks of 
the same mountain. The deeply eroded character of the.moun- 
tains, however, shows that they are of early date, and it seems 
most probable that the intrusion took place somewhere in later 
Paleozoic times. 

Having considered in a general way the character of the 
Monteregian hills as a whole it may be of interest to look some- 
what more closely into the structure and petrographical char- 
acters of one member of the group which has recently been 


studied in some detail, namely Mount Johnson. 


MOUNT JOHNSON. 


Mount Johnson rises from the plain twenty-two miles east- 
southeast of the city of Montreal, and six miles northeast of the 
town of St. Johns on the Richelieu river, and twenty-five miles 
north of the international boundary. The little village of St. 
Grégoire is situated near its base. The surrounding country is 
perfectly flat, forming a fertile and well-tilled agricultural dis- 
trict, the nearest mountain being Rougemont, which lies in a 
northeasterly direction some nine miles distant. In cross-section 
Mount Johnson is nearly circular. (Fig. 2.) The igneous plug 
itself has at the base, immediately above the hornstone collar, a 
somewhat elliptical outline and measures 3,500 feet by 2,500 


feet, the longer axis having a direction N 20° E. This gives the 
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igneous intrusion an area of .422 of a square mile. The mean of a 
series of closely concordant aneroid readings, corrected by com- 
parison with barometers at the observatory of McGill University 
at Montreal, shows that the highest point of the mountain is 685 
feet above the main street in the village of St. Grégoire opposite 
the church, that is, above the surrounding plain, or 875 feet 
above sea-level, the plain here having an elevation above sea-level 
of 190 feet. It has a somewhat dome-like outline and forms a 
very striking feature in the landscape. The slope on the south- 
ern side is steep, in places precipitous, while to the north it is 
more gentle. The accompanying photograph (Fig. 3), taken 
from the railway station near St. Grégoire, which is about a mile 
and a quarter distant from the mountain in a direction approxi- 
mately southwest, shows this profile, as well as the little notch 
near the summit caused by a ravine which passes down tRe side. 

At the foot of the mountain, more especially on its southern, 
southeastern, and southwestern sides, are numbers of large blocks 
which have fallen from the steep upper slopes and extend out 
from the foot; on the southern is a gently sloping, terraced plat- 
form of drift which in part buries these great blocks, forming a 
“tail” probably due to the drift accumulating here on the lee 
side of the mountain during the ice movements in the glacial 
age. This drift, however, has been in part at least reassorted by 
wave-action during the period of depression which in this region 
followed the glacial age and during which the sea covered the 
plain to a depth of several hundred feet at least, as shown by the 
high level terraces with shell banks on the slopes of Mount 
Royal. On the plain about the mountain no rock exposures are 
seen. A mantle of drift covers it, and numerous erratic blocks 
and bowlders are scattered about. These are largely gneisses 
from the Laurentian highlands, but some of them are plutonic 
rocks from other hills of the Monteregian group. The plain 
about Mount Johnson is, however, stated by Ells, who has exam- 
ined this district, to be underlain “presumably ”” by rocks of the 
Utica-Lorraine division of the Lower Silurian. 

On ascending the mountain the first rock which is exposed 
above the drift mantle is a very fine-grained dark hornstone, uni- 


THE MONTEREGIAN HILLS 257 


form in character and lying in undisturbed horizontal beds. It 
can be seen at intervals all around the base of the mountain, 
forming a sort of collar, and is undoubtedly a shale such as that 
usually constituting the Utica formation, here however altered 
by its proximity to the intrusion. This shale wherever seen lies 
flat and abuts against the igneous rock of the intrusion, being 
cut sharply off by it, but not tilted or upturned. The upper 
limit of the shale is shown in the accompanying photograph of 


the mountain. 


FG. 3.-- Mount Johnson, as seen from the southwest, showing limits of the several 


rock types composing the mountain. 


The mountain above this hornstone collar is made up exclu- 
sively of igneous material, which presents a most striking and 
beautiful instance of differentiation. 

Immediately above the hornstone collar, and in contact with 
it, is a coarse-grained and highly feldspathic syenite, light buff 
in color, of the pulaskite type. This, as the mountain is scaled, 
passes rather abruptly into a dark-colored rock with large por- 
phyritic white feldspars, which in its turn loses its porphyritic 
character and passes into a coarse-grained essexite which consti- 
tutes the mass of the hill and which becomes at the summit finer 
in grain, richer in pyroxene and often holding a little olivine. 
No sharp lines can be drawn between these several rocks; one 
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passes gradually into the other, the whole constituting one intru- 
sive unit. The approximate limits of these several rock species 
are shown in the accompanying map (Fig. 2) and photograph 
(Fig. 3) of the mountain, it being impossible sharply to delimit 
the several species, seeing that they pass into one another. The 
mass therefore becomes progressively more basic as we pass 
from the margin of the intrusion to its center. The two chief 
rock types are the pulaskite and the essexite which will be sepa- 
rately considered. The essexite, being the more abundant rock 
and one presenting a greater complexity in mineralogical com- 
position, may be first described. 

Essexire.—The rock is dark in color and rather coarse in 
grain, and although holocrystalline usually presents a more or less 
marked fluidal arrangement of the constituents. This is espe- 
cially marked in the zone of transition between the essexite and 
pulaskite, owing to the presence there of the large feldspar 
phenocysts which, being arranged with their longer axes parallel 
to the direction of flow, serve to accentuate this structure. The 
finer-grained variety forming the summit of the mountain is more 
massive in character and does not exhibit the fluidal arrange- 
ment of constituents. Under the microscope the rock is seen to 
be composed of the following minerals: hornblende, pyroxene, 
biotite, olivine, plagioclase, nepheline, sodalite, apatite, mag- 
netite, sphene, and in some cases a very small amount of ortho- 
clase. 

There is a marked tendency on the part of all the constituents 
to assume an idiomorphic development. The long lath-shaped 
plagioclases and large hornblende individuals have an approxi- 
mately parallel arrangement, and between these lie the other 
iron-magnesia constituents with the smaller plagioclase indi- 
viduals, the nepheline and the other components of the rock. 
These interstitial constituents do not differ greatly in size from 
the others and show the same tendency to a parallel arrange- 
ment. 

Hornblende.— Although almost every thin section of the rock 
contains not only hornblende, but pyroxene and biotite also, 
their relative proportion varies considerably. The hornblende 


i 
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is distinctly the most abundant, except in the finer-grained 
variety forming the summit of the mountain in which it is dis- 
tinctly subordinate in amount to both pyroxene and mica. It is 
deep brown in color and is sometimes hypidiomorphic in its 
development, but often occurs with perfect crystalline form, 
showing the prismatic and the orthopinacoidal faces. Its extinc- 
tion is larger than is usual in brown hornblendes, judging from 
the recorded instances, reaching 20°. It possesses a strong 
pleochroism as follows : 

a= pale yellowish-brown, 

b = deep-brown. 

c= very deep-brown. 

Absorption =¢ > b> a, 

It is often twinned parallel to « P % or to a steep orthodome, and 
sometimes presents a faint zonal structure, marked by a slight 
difference in extinction of the several zones indicating a slight 
change in composition as growth proceeded, and occasionally a 
greenish tint is noticeable about the margin of the individual. 
It sometimes holds inclusions of magnetite and is often inter- 
grown with the pyroxene. In the essexite from one place on 
the south side of the mountain, the hornblende was found free 
from inclusions, and practically free from the pyroxene which is 
usually so intimately associated with it. From this locality a 
quantity of the hornblende was obtained in a state of perfect 
purity through repeated separations by means of Klein’s solution, 
all grains of foreign mineral still remaining being finally removed 
by picking them out by hand with the aid of a powerful lens. 
The pure material thus obtained was analyzed by Professor 
Norton Evans, of the McGill University, every precaution to 
secure accuracy being observed and especial care being taken 
to effect a complete separation of the magnesia from the alumina 
by the repeated precipitation of the latter. The water was esti- 
mated by a direct determination. The results of the analysis 
are given below, together with those of several other hornblendes 


of similar composition which have been added for purposes of 


comparison : 


i 


260 FRANK D. ADAMS 


No. 1 No, 2 No. 3 No. 4 | No. 5 No, 6 
SiO, 38.633 39.75 qO.15 40.14 41.35 39.16 
oe we 5.035 5.40 5.2 4.26 4.97 
siete 11.974 15.00 14.34 14.30 13.45 14.39 
Fe,O, 3.903 7.86 7.80 7.07 5.14 12.42 
FeQ) 11.523 2.89 4.53 6.27 10.33 5.85 
ee 10.200 14.16 13.14 11.62 11.44 10.52 
12.807 12.97 11.75 12.00 10.93 11.18 
Na,@. 3.139 1.92 2.31 2.22 2.10 2.48 
K,O.. 1.489 1.61 1.14 1.35 0.62 2.01 
0. 330 0.45 0.39 

99.762 101.56 100. 37 99.44 100.84 99.90 


No. 1. Hornblende. From the essexite of Mount Johnson, province of 
Quebec, Canada, 


No, 2. Hornblende. From Bohemian Mittelgebirge. 


No. 3. Hornblende. From tuff of hornblende basalt, Hirtlingen, Nassau. 


No. 4. Hornblende. Basalt tuff, Hoheberg, near Giessen. 


No. 5. Hornblende. From “ hornblende diabase,” Graveneck,near Weilburg. 


No. 6. Hornblende. Syntagmatite. Jan Mayen, 
Analyses Nos. 2 to 6 are taken from Schneider's paper referred to below. 


The hornblende thus belongs to the class of basaltic horn- 
blendes, and not to the barkevikites as might be expected. It 
contains, however, proportionally more of the iron in a ferrous 
condition, together with somewhat less alumina and a somewhat 
larger proportion of alkalies than most basaltic hornblendes. 
The unusually high extinction for a hornblende of this class 
which it possesses is probably connected with the high content 
in ferrous iron, since Schneider has shown that the extinction 
increases with the increase of iron in this state of oxidation. 

Pyroxene— This mineral occurs intimately associated and 
often intergrown with the hornblende, both minerals frequently 
holding many inclusions of magnetite and apatite. It is very 
pale-greenish in color, with no perceptible pleochroism, but with 
a marked dispersion of the bisectrices. It is usually hypidio- 
morphic, but is frequently idiomorphic, showing a distinct cleav- 
age parallel to the pinacoids, but usually none parallel to the 
prismatic faces. It belongs to the variety of diopside-like 


Zur Kenntniss basaltischer Hornblenden,” Zeitschr. Jur Aryst., i891, p. $79. 
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augites which occur in rocks of this class. The extinction is 
high, reaching 45°. 

Biotite—This is deep-brown and almost identical in color 
with the hornblende and is strongly pleochroic, € yellowish- 
brown, and & deep-brown. It occurs intimately associated with 
the hornblende and augite, and also frequently as a_ border 
around the iron ore. While usually present in comparatively small 
amount, in the finer-grained essexite forming the summit of the 
mountain it is much more abundant than the hornblende. In 
this variety of the essexite both the mica and the hornblende 
often possess a poikilitic structure owing to the presence of 
numerous inclusions of plagioclase, which mineral also often 
penetrates the individuals of biotite and hornblende in the form 
of well-developed crystals. 

Olivine.—This species is found in the finer-grained variety of 
the essexite at the summit of the mountain, and was also 
observed in the thin sections from the essexite at one point on 
the east side of the mountain not far from the summit. It is 
very pale-green in color and occurs as little grains inclosed in 
the biotite and pyroxene. 

Plagioclase.—The plagioclase in the rock has well-developed, 
lath-like forms and is, almost without exception, excellently 
twinned according to the albite law. Twinning according to 
the carlsbad and pericline laws is also very common, occurring in 
the same individuals which show the albite twinning. The laths 
of plagioclase can ina few cases be seen to be distinctly twisted, 
evidently owing to pressure exerted upon them by other crys- 
tals during the consolidation of the rock, since the rock was 
submitted to no dynamic action subsequent to its crystallization. 

As before mentioned, all the plagioclase individuals are not 
of the same dimensions. There are larger laths associated with 
the large hornblende crystals, and between these are smaller 
laths. The two sets are not, however, sufficiently well marked 
to cause the resulting structure to be classed as porphyritic. 
The plagioclase in the rock is not all of the same composition, 
but varies somewhat, even in the same hand specimen, ranging 


from an extremely acid labradorite to an oligoclase. It, how- 
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ever, is chiefly andesine. Its character was determined by a 
large number of extinction measurements carried out on the 
albite twins, as well as by Michel-Lévy’s method, which can 
readily be applied owing to the frequency of carlsbad twinning 
in association with albite twinning. These determinations were 
extended and checked by a number of specific-gravity deter- 
minations and separations by means of Thoulet’s solution. The 
larger plagioclase individuals were found, in the case of the rock 
on the northeast side of the mountain 320 feet above the plain, 
to be somewhat more basic than the smaller crystals, having the 
composition of a basic andesine, while the latter ranged in char- 
acter from andesine to oligoclase. In this case no feldspar 
having a specific gravity of over 2.65 was found to be present in 
the rock. Again in the rock of one of the quarries on the south 
side of the mountain, the larger feldspars tested by Michel- 
Lévy’s method were found to have the composition of a very 
acid labradorite, Ab, An,. The results of a separation of the 
constituents of the rock by Thoulet’s solution showed that the 
feldspar was almost all andesine, although it varied from 
Ab, An, to an oligoclase. <A crystal examined by Mr. Wright 
in Professor Rosenbusch’s laboratory gave on P an extinction of 
5 -6° and on M about 11”, showing the feldspar to be on the 
line between andesine and labradorite. A very small amount of 
orthoclase was also present, forming a subordinate accessory 
constituent. That there is a variation in composition even in 
the same individual of plagioclase is indicated in many cases by 
marked growth rings with different extinctions in the different 
rings. The smaller plagioclases, although twinned in the same 
manner as the larger, usually have the twinning developed in a 
less striking manner. A certain proportion of the smaller grains 
are also untwinned, but most of these must be identical in char- 
acter with the twinned feldspar, since the separations show that, 
while orthoclase is often present, it occurs in only extremely 
small amount. Dr. Sterry Hunt gives’ an analysis of the feld- 
spar from the essexite of Mount Johnson (called by him diorite). 
This is as follows: 


' Geology of Canada, p. 477. 
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62.05 
Al,O,; . 22.60 
ds 75 
CaO 3.96 
Na,O 7-95 
K,O 1.80 
Volatile .80 

99.91 


Sp. G.= 2.659. 


This feldspar has the specific gravity and general composi- 
tion of an acid andesine, although the high content of K,O may 
possibly indicate the presence of some potash feldspar as an 
intergrowth. 

Nepheline.—This is quite subordinate to the feldspar in 
amount. It possesses the usual low index of refraction, with 
extinction parallel to the cleavages, which latter can usually be 
seen. It is sometimes quite fresh, but at other times is found 
more or less completely altered to a mineral which occurs as 
little fibrous bundles, showing strong double refraction and 
parallel extinction. The fibers usually have a more or less dis- 
tinctly parallel arrangement. This mineral remains practically 
unaltered when treated with concentrated hydrochloric acid for 
twenty minutes, although the nepheline in which it is imbedded 
is destroyed. It is either muscovite or kaolin. The nepheline 
is allotriomorphic and occurs chiefly in the corners between the 
larger crystals of feldspar and other minerals, and is penetrated 
by them. It is especially abundant in those portions of the rock 
which are rich in the dark-colored constituents. When occur- 
ring in this manner it appears, with the sodalite, to have been 
the last constituent of the rock to crystallize out. Itis usually 
much more abundant than the sodalite. The nepheline also 
occurs in places as irregular-shaped lath-like inclusions in the 
feldspar. 

Sodalite is usually, although not invariably, present. It 
strongly resembles the nepheline in appearance and shows the 
same alteration product. It is, however, quite isotropic. Like 


the nepheline, it occurs either in the spaces between the other 
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minerals, cementing them together, or as inclusions in the feld- 
Spars. 

Apatite — The abundance of apatite is a distinct feature in 
this, as in similar rocks occurring elsewhere. It is always 
present and was the first constituent to crystallize out, being 
found in the form of perfect hexagonal prisms with double 
pyramidal terminations imbedded in the iron ore. It also occurs 
in the sphene as well as in the iron-magnesia constituents, in the 
nepheline, and also, although much less frequently, in the feld- 
spar. Its large amount is shown by the high percentage of 
phosphoric acid in the analysis of the rock, 1.23 per cent. 
Another specimen of the rock in which the phosphoric acid was 
determined by Dr. B. J. Harrington gave 1.01 per cent. These 
figures represent 2.79 per cent. and 2.35 per cent. of apatite, 
respectively. It is usually somewhat turbid from the presence 
of minute dust-like inclusions. 

Magnetite occurs chiefly inclosed in the iron-magnesia con- 
stituents, but is occasionally found in the feldspar. It is black, 
opaque, and highly magnetic, and is usually allotriomorphic, but 
occasionally presents an approximation to definite crystalline 
outline. As shown by the calculation of the analysis of the 
rock, this iron ore contains a considerable percentage of titanic 
acid. 

Sphene is not found in more than one-half of the specimens 
examined. When present it is not very abundant and usually 
occurs as. well-defined wedge-shaped crystals, often of con- 
siderable size. 

In the accompanying table analyses are given of the normal 
essexite which forms the greater part of Mount Johnson, and 
of the finer-grained olivine-beating variety of the same rock 
found at the summit of the mountain. For purposes of com- 
parison there is presented in the same table the analysis of the 
essexite from Shefford mountain, which belongs to the same 
Monteregian province, together with analyses of the original 
essexite from Salem, Mass., and of allied rocks from two other 
localities. A partial analysis of the transitional rock between 
the essexite and the pulaskite of Mount Johnson is also given. 


i 
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For the analysis of the Mount Johnson essexite (No. 1) as well 
as for that of the associated pulaskite, which is given below, I 
am indebted to Professor Norton-Evans, while the analysis of 
the olivine-bearing variety of the essexite (No. 2) was made for 
me by Mr. M. F. Connor. The methods recommended by 
Hillebrand and employed in the very accurate, analytical work 
carried out in the laboratory of the United States Geological 
Survey were followed by both analysts and every precaution 


was taken to insure accuracy. 


I Il III lV V VI 

45.85 48.69 53.15 46.99 47-67 | 50.40 
19.38 17.91 17.64 17.94 18 22 | 
4.29 3.09 3.10 2.56 3-65 eg 
4.94 6.41 4.65 7.56 15 5-5 
NiO+Co) ....... not det. 0.05 not det. not det. sak en not det. 
0.19 0.15 0.46 trace 0.28 0.77 
Mg... 2.00 3.06 2.94 3.22 6.35 
7.98 7.30 5.66 7.85 6.77 
0.08 0.13 none 
5.44 5.95 5.00 6.35 4.93 6.2 
1.91 2.56 3.10 2.62 2.97 2.56 
1.23 | 1.11 0.65 0.94 0.09 
_ 0.68 0.95 1.10 0.65 3.82 

ae 99.36 100.02 99.84 99.60 100.15 


i. Normal essexite (andose), Mount Johnson, Quebec. 

II, Olivine-bearing essexite (essexose), Mount Johnson, Quebec. 

III. Essexite (akerose), Shefford mountain, Quebec, (American Geologist, 
IgOl, p. 201), (with CO,0.39 and SO;0.28). 

IV. Essexite (essexose), Salem Neck, Salem, Mass. (Washington, Jour. 
GEOL., 1899, p. 

V. Theralite, Elbow Creek, Crazy mountains, Montana. 

VI. Rock forming transition from essexite to pulaskite, Mount Johnson, 
Quebec, (Partial analysis. The iron present is all calculated as FeO.) 


The analyses (Nos. 1 and 2) of the two varieties of the 
essexite from Mount Johnson can be readily calculated out so as 
to show the quantitative mineralogical composition of the rocks. 

The calculation of the mode'—or relative proportion of the 
minerals actually present gives the following result: 


' Ouantitative Classification of Igneous Rocks (C. 7. P.W.) (University of Chicago 


Press, 1903), p. 147- 
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Essexite Olivine- Essexite 
Analysis 1) (Analysis 2) 
Mount Mount Johnson 
36 75) 29. 14) 
Anorthite 20.23 - 66.45 13.11 + 54.79 
Orthociase ...... 9.47 \ 12.54 ) 
Nepheline. ...... 3. 11.12 
Kaolin...... .78 78 \ 
Hornblende ... 7.05 2.30 
Biotite ...... 2.04 4.08 
Olivine ...... ada none 2.384 
Mag 5 3 
Magnetite. ...... 5.68 7 3-944 8.41 
even 3.85) 4.47 \ 
Water (hygr.) hae .58 
99.39 99.98 


In the case of No. 1 the percentage mineralogical compo- 
sition given expresses exactly the chemical composition of 
the rock, except that it requires 0.06 per cent. of FeO in 
excess of that shown in the analysis. In No. 2 the agreement 
is complete. 

The calculation further demonstrates that the plagioclase in 
the case of No. 1 is a trifle more basic, and in the case of No. 2 
a little more acid, than Ab, An,, which as has been stated, is 
shown by the optical character and by the specific gravity of the 
feldspar to represent its average composition in these rocks. 
The amount of orthoclase recognized in thin sections also 
appears as mentioned in the description of the rock. The 
nepheline is in places somewhat altered to a mineral resembling 
kaolin. The small percentage of kaolin shown by the calcula- 
tion has therefore been added to the nepheline in extending the 
table. 

In order to fix the position of these rocks in the excellent 
system of classification recently elaborated by Messrs. Cross, 
lddings, Pirsson, and Washington, and to determine the name 
which should be given to these rocks, if their precise character 
is to be designated, it is necessary to calculate their norms. 


These have been found to be as follows: 
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No, 1 No. 2 
35 63 ) 28.62 ) 
Anorthite ..... 23.07 - 69.82 14.23 - §7.90 
Orthoclase 11.12 \ 15.05 \ 
Nepheline ... | 5-40 11.83 
34CaO. SiO, 3.94 53 CaO. SIO,. — 6.15 ) 
Diopside ...... 7FeO. SiO, — 7.56) 18 FeO. SiO, — 2.38} 12.03 
/ 27MgO. SiO, 2.70 / 35 MgO. SiO, 3.50 \ 

6FeO. 4 SiO, 617 \ 21 FeO. SiO, 2.14/ 
23MgO.$ SiO, — 1.61 § 7°77| 7 g2MgO.4Si0, — 21945 
Magnetite .....| 6.26 4.41 
Ilmenite ...... 4.71 5.01 
2.68 2.59 
.68 -95 

BaO=.08, Excess FeO =.07 
99.33 99.95 


No. 1 thus takes the following position in the classification in 
question : 

Class II, dosalane. 

Order 5, germanare. 

Rang 3, andase. 

Subrang 4, andose (grad = polmitic). 

Its precise designation would be nepheline-bearing grano-andose 
or in some cases nepheline-bearing tracho-andose. 

No. 2, however, belongs to the next order and is domalkalic. 
Its position is as follows: 

Class II, dosalane. 

Order 6, norgare. 

Rang 2, essexase. 

Subrang 4, essexose (grad = prepolic). 

It would therefore be termed a nepheline-bearing grano-essexose. 
It is therefore seen that the essexite from the central portion of 
Mount Johnson (No. 2) is practically identical in character and 
composition with the essexite of the original locality at Salem, 
Mass. (Analysis IV), while the outer andose is poorer in nephe- 
line and has a somewhat larger proportion of lime as compared 
with the alkalies. 

The proportions of the several minerals present in thin sec- 
tions of the specimens analyzed were then determined by the 
system of diametral measurements proposed by Rosiwal." In 


' Verhd. K. K. Geol. Reichsanst. (Wien, 1898), p. 143. 
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each case over 500 average diameters were measured instead of 
100, which latter number Rosiwal considers to be sufficient. 
The measurements were, however, confined to a small number of 
thin sections, namely two in the case of No. 1, and four in the 
case of No. 2, it being considered advisable to use only sections 
cut from the actual specimen from which the material for 


analysis was taken, The results obtained were as follows: 


No. 1 No. 2 

63.77 per cent. 64.06 per cent. 
Nepheline.......... 6.12 6.16 
Pyroxene 9.26 13.60 
Hlornblende........ 8.06 1.29 
Olivine. ; 1.40 

100.00 99.97 


In the case of No. 1 the results are substantially the same as 
the calculated mode except that there is about 3 per cent. more 
pyroxene and a correspondingly smaller proportion of feldspar. 
This relatively high proportion of pyroxene is unusual, the 
examination of thin sections of the rock tor various parts 
of the mountain showing that, as has been stated above, and 
as is shown also by the calculation of the mode of this speci- 
men, there is usually a preponderance of hornblende over 
pyroxene. In the case of No. 2 the chief difference between 
the values measured and the calculated mode lies in the rela- 
tively higher proportion of feldspar and lower proportion of 
nepheline in the former. In this rock, however, it is very diffi- 
cult to distinguish the nepheline from the feldspar in every case. 
These discrepancies indicate that in applying Rosiwal’s method 
to comparatively coarse-grained rocks such as these, especially 
if there be any tendency to irregularity in composition a consid- 
erable number of thin sections should be employed in order to 
obtain a true average of the rock as a whole. 

lor purposes of comparison the analysis of the essexite from 
Shefford mountain (No. III) has been reduced to its normative 
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form and the position of the rock in the Quantitative classifica- 
tion determined. It is found to be as follows: 

Class II, dosalane. 

Order 5, germanare. 

Rang 3, monzonase. 

Subrang 4, akerose (grad = polmitic). 

It thus, in composition, occupies, in a manner, a middle place 
between the essexose and andose of Mount Johnson. 

Tue PuLaskire.—This soda-syenite which, as above men- 
tioned, forms the outer zone of the mountain, girdling the essex- 
ite, is less abundant than the latter and differs greatly from it in 
appearance. This difference is due chiefly to the fact that it 
is much lighter in color, being pale-yellow or buff instead of 
dark-gray, the lighter color being due to the very small propor- 
tion of iron-magnesia constituents present and the marked pre- 
ponderance of the feldspars. The rock also has a more massive 
structure, the fluidal arrangement of the constituents often met 
with in the essexite being absent, and it weathers in a somewhat 
different manfer. It possesses, moreover, a species of por- 
phyritic structure, owing to the development of the feldspar in 
two forms: first, as stout prisms, up to 10™™ in diameter, which 
are light-gray in color and very abundant; and, secondly, in the 
form of smaller laths of a yellow or buff color which, in associa- 
tion with the iron-magnesia and other constituents, form a sort 
of groundmass in the rock. 

The constituent minerals of the rock are biotite, hornblende, 
(pyroxene), soda-orthoclase, nepheline, sodalite, apatite, mag- 
netite, and sphene. The darker constituents are identical in 
character with those occurring in the essexite, and therefore do 
not require to be described again. Not only are they as a class 
much less abundant in this pulaskite, but the mica here prepon- 
derates, being the prevailing iron-magnesia constituent, while 
the hornblende is much less abundant and the pyroxene is 
entirely absent. It may be noted, however, that the hornblende 
sometimes possesses the greenish tint referred to as occasionally 
seen about the borders of the hornblende individuals in the 
essexite, indicating probably that, the pulaskite magma being 
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richer in soda, the hornblende crystallizing out of it has a ten- 
dency to take up this element more abundantly. 

The feldspar in the pulaskite, as has been mentioned, occurs 
in part as stout prisms and in part as smaller laths. The latter 
usually have a somewhat cloudy appearance under the micro- 
scope, probably owing to incipient alteration. The larger feld- 
spars are what is commonly described as_ soda-orthoclase. 
When examined under the microscope they are seen to be com- 
posed of very minute intergrowths of two, and in some cases 
perhaps even of three, different feldspars— causing them to 
present between crossed nicols a mottled appearance. These 
several feldspars have somewhat different indices of refraction, 
and frequently under a high power, where two are present, one 
of them can be seen to possess a very minute polysynthetic 
twinning, while the other isuntwinned. The relative proportion 
of the several feldspars present differs in different grains. The 
individuals as a whole occasionally present the form of carlsbad 
twins but usually have the appearance of simple crystals, and 
Professor Rosenbusch, to whom sections of the work were sub- 
mitted, considers the feldspars composing them to be micro- 
cline, and in part microcline-microperthite, with probably some 
anorthoclase. 

The specific gravity of these phenocrysts was determined in 
the case of two hand specimens of the pulaskite from different 
parts of the mountain. In the first of these three specimens of 
the feldspar were found to have specific gravities of 2.42, 2.609, 
and 2.603, respectively ; while in the second, five specimens of the 
feldspar were selected and found to have specific gravities lying 
between orthoclase and albite, which bears out the results of their 
microscopic study. 

The smaller lath-shaped feldspars, although more frequently 
composed of a single species, often show an intergrowth of two 
feldspars, as described in the case of the phenocrysts. Separa- 
tions of the constituents of several species of the rock by means 
of Thoulet’s solution show that these smaller feldspars have a 
somewhat lower specific gravity than the phenocrysts. Thus, 


while the specific gravity of the phenocrysts lies between 2.591, 
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and 2.62, that of the smaller feldspars is between 2.591 and 2.56; 
that is to say, the smaller feldspars approach more nearly to 
pure orthoclase in composition. They consist chiefly of minute 
intergrowths of orthoclase with albite, or of either of these with 
microcline or anorthoclase. No lime-soda feldspar could be 
recognized in any specimen of the rock. 

Nepheline and sodalite —These minerals are quite subordinate 
in amount, although they are seen in nearly every thin section. 
Both minerals present the same characters and occur in the same 
way as in the essexite, lying chiefly in the corners between the 
other constituents being penetrated by the latter, but also occur- 
ring as inclusions in the feldspar. They are, as a general rule, 
much altered to the same decomposition product seen in nephe- 


Vil Vill IX xX XI XII 


57-44 59.96 65.43 56.45 59.01 60.03 
1.97 0.66 0.16 0.29 - 
19.43 19.12 | 16.96 20.08 18.18 20.76 
1.69 1.85 | 1.55 1.3! 1.63 | 4.01 
2.70 1.73 1.53 4-39 3.65 0.75 
MnO.. 0.25 | 0.49 0.40 0.09 0.03 trace 
1.16 0.65 0.22 0.63 1.05 0.80 
2.66 2.2 1.36 2.14 2.40 2.62 
6.48 | 6.98 5.95 5.61 | 7.03 5.96 
4.28 4-91 | 5.36 7.13 | 5.34 | 5.48 
0.60 0.14 | 0.02 0.13 trace 0.07 
1.03 1.10 0.82 1.51 0.50 | 0.59 
99.69 100.17 99.86 100.19 99.98 101.07 


VII. Pulaskite (laurvikose), Mount Johnson, Quebec. 

VIII. Pulaskite (laurvikose), Shefford mountain, Quebec. (American 
Geologist, 1gO1, p. 211.) 

IX. Nordmarkite (nordmarkose), Shefford mountain, Quebec. (/did., 
IgOl, p. 20g.) 

X. Sodalite syenite, Square Butte, Montana (differentiation product of 
shonkinite). 

XI. Umptekite, Red Hill, Moltonboro, New Hampshire. 

XII. Pulaskite, Fourche mountain, Arkansas (original locality). 
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line in the essexite and which is, as has been mentioned, either 
kaolin or muscovite. Probably both are present. 

Apatite is present in considerable amount and in the form of 
perfect crystals, occurring chiefly in the mica, hornblende, and 
sphene. 

The svon ore and sphene present the same characters as in the 
case of the essexite, but the latter mineral is relatively more 
abundant than in that rock. 

An analysis of this pulaskite is given in the accompanying 
table together with analysis of the pulaskite and the nord - 
markite of Shefford mountain described by Dresser. Analysis 
of three allied rocks from other localities are added for pur- 
poses of comparison. 

The mode of the Mount Johnson pulaskite (No. VII), calcu- 


lated from the analysis given above, is as follows: 


Albite - . - - 48.73 
Anorthite - - - - 3.06 > 74.03 
Orthoclase and microcline 22.2 \ 
Nepheline - 2.56 
Kaolin - - : - 4.96 
Hornblende - - - - 5.08 
Biotite - 6.29 
Magnetite - - - 1.86 ) 
Ilmenite - - ogi 77 
Sphene - - - 2.35 
Apatite - - - - 1.34 
Water (hygroscopic) - . 0.30 
99.68 


This proportion of the various minerals expresses exactly the 
chemical composition of the rock as presented by the analysis, 
except that a very small excess of silica, amounting to 0.06 per 
cent., is required. 

The calculation shows clearly the fact, ascertained by the 
study of the thin sections of the rock, that a considerable per- 
centage of sphene is present, a mineral which does not occur at 
all in the essenite. 

The anorthite is probably in combination with the other 
feldspathic constituents in the form of anorthoclase. The calcu- 
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lation also brings out clearly a point already mentioned, namely, 
that in this rock the nepheline is much more highly altered than 
in the essexite, as shown by the amount of kaolin present. This 
kaolin, however, is not entirely derived from the alteration of the 
nepheline, but appears as a haze all through the smaller feld- 
spars, and hence in the extension of the results should be 
assigned in part to the nepheline and in part to the feldspar. It 
is of course impossible to measure the amount of kaolin present by 
Rosiwal’s method, occurring as it does distributed through the 
sections in the form of extremely minute individuals. If, how- 
ever, the amount of nepheline given by the Rosiwal measure- 
ment be correct, namely 4.40 per cent.—and this of course 
includes both the unaltered mineral and that filled with decom- 
position products—then 1.84 per cent. of the kaolin has been 
derived from the alteration of the nepheline. There will thus 
remain 3.12 per cent. of the kaolin which has been derived from 
and measured up with the feldspar. If this amount be added to 
the feldspar found by calculation, it will increase the proportion 
present to 77.15 per cent., which is within 0.09 per cent. of the 
percentage of feldspar obtained by the Rosiwal measurement. 
The norm of the pulaskite is found to be as follows: 


Albite - - 50.30 
Anorthite - - - 9.73 + 85.61 
Orthoclase 75.58 
Nepheline - 2.56 
( 2FeO.SiO, 0.51 | 
Corundum - - 
Magnetite~ - 2.55 
Ilmenite - 3.80 
Apatite 1.34 
Water - - 1.03 
99.34 


Its position is, therefore, as follows: 


Class I, persalane. 
Order 5, canadare. 
Rang 2, pulaskase. 


Subrang 4, laurvikose. 
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It should thus be termed a grano-laurvikose or possibly, in 
view of its somewhat porphyritic structure, a granophyro-laurvi- 
kose. The proportions of the several minerals present, or mode, 


as determined by Rosiwal’s method were as follows: 


Feldspar 77-24 per cent. 
Nepheline - 4.40 
Hornblende - - 5.37 
Biotite 7.08 
Iron ore - - 41.81 
Sphene” - 3.29 
Apatite - 81 
100.00 


For purposes of comparison the analysis of the pulaskite 
(No. VIII) and of the nordmarkite (No. IX) of Shefford 
mountain were calculated into their respective norms and the 
position of these rocks in the new system of classification 
determined. The pulaskite (No. VIII) is found to have the 
following position: 

Class I, persalane. 

Order 5, canadare. 

Rang 2, pulaskase. 

Subrang 4, laurvikose. 

The nordmarkite (No. 1X), however is peralkalic and must 
be classified as follows : 

Class I, persalane. 

Order 5, canadare. 

Rang 1, nordmarkase. 

Subrang 4, nordmarkose. 

It, however, lies just on the line between nordmarkose and 
phlegrose, and might thus be best termed a nordmarkose- 
phlegrose. 

It is thus seen that the rocks from Mount Johnson and from 
Shefford mountain which, following Rosenbusch’s classification, 
have been called pulaskite, and which in this new scheme of 
classification are pulaskase, are almost identical in composition 
with one another and with the Norwegian laurvikite, and the 
nordmarkite of Shefford mountain is very close in composition 


to the nordmarkose of the original Scandinavian locality. 
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Diagrams showing the composition of these several rocks are 


presented in Fig. 4. 


THE TRANSITIONAL ROCK.—-As has been mentioned, there inter- 


venes in Mount Johnson between the pulaskite border and the 


central mass of essexite a transitional zone consisting of a rock 


which is dark in color and 
thus resembles the essexite, 
but which is characterized 
by the presence of large por- 
phyritic feldspars sometimes 
as much as two inches in 
length, of peculiar form scat- 
tered through it and often 
arranged with their larger 
axes in the same direction, 
thus giving a fluidal appear- 
ance to the rock. This rock 
contains a large proportion 
of the same iron-magnesia 
minerals, more especially 
the hornblende, found in the 
essexite, and passes over 
gradually into this rock. Its 
passage into the pulaskite is 
rather more abrupt and is 
marked chiefly by the almost 
entire disappearance of the 
dark-colored constituents 
above mentioned. There is, 
however, a continuous tran- 
sition or passage from the 
pulaskite through this inter- 


Ai,0, 
RO 
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Fic. 4.— Diagrammatic representation of 


the chemical composition of the several rocks 


described. 
No. 1. Laurvikose — Mount Johnson. 
No. 2. Laurvikose — Shefford mountain. 
No. 3. Nordmarkose —Shefford mountain. 
No. 4. Andose — Mount Johnson. 
No. 5. Essexose — Mount Johnson. 
No. 6. Andose —Shefford mountain. 


mediate rock into the inner essexite of the mountain. 


This transitional rock is composed of the same minerals as 


the essexite with the exception of the feldspar, which consists in 


part of the soda-orthoclase characteristic of the pulaskite, and in 


part of the plagioclase (in this case oligoclase) which forms the 
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feldspathic element of the essexite. It is thus in mineralogical 
composition intermediate between these two rocks, although, 
as above mentioned, being rich in the dark-colored constituents, 
it more closely resembles the latter. 

The large feldspars have frequently a peculiar crystalline 
form giving to the mineral, when broken across, a perfect hexag- 
onal outline. The six faces represented in this form are 
apparently T, L,and M. The crystals hold many little inclusions 
of pyroxene, biotite, hornblende, magnetite, sphene, and nephe- 
line, often regularly arranged so as to give a zonal structure to 
the feldspar individual. The specific gravity of twelve small 
fragments of the feldspar of these large crystals, collected from 
a locality on the southern side of the mountain and as free as 
possible from all inclusions, was determined. The specific gravity 
of nine of these lay between 2.59 and 2.607, while that of the 
other three was between 2.625 and 2.628. This shows the feld- 
spar in the former case to be identical with that of the pulaskite, 
while in the latter three the specific gravity lies between that of 
albite and oligoclase. The somewhat greater specific gravity in 
this case may be due in part to inclusions of other minerals. A 
separation of the constituents of the rock shows, however, that, 
as above mentioned, a considerable amount of oligoclase is really 
present. The feldspar individuals, both great and small, usually 
show in thin sections the mottled character due to the inter- 
growth of different species, described in the pulaskite. A par- 
tial analysis of a specimen of this intermediate rock, from the 
south side of the mountain, is given in the accompanying table 
of analyses (No. VI), on page 265. As will be seen, in chemical 
composition as well as in mineralogical character, it occupies a 
position intermediate between the essexite and the pulaskite, 
occurring on either side of it, thus representing an intermediate 
zone in which the differentation was not quite completed. It is, 
however, much more nearly allied to the essexite, being alkali- 
calcic and dosodic, and although in the absence of a complete 
analysis or detailed measurements its position in the new classi- 
fication cannot be determined with absolute certainty, there is very 
little doubt that it also, like the essexite adjacent to it, is an 


andose. 
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Dykes.— A feature in connection with Mount Johnson, and 
one possibly connected with its somewhat peculiar structure, is 
the almost entire absence of dykes. These were found only in 
two places, and in both cases the dykes were small in size. The 
first of these localities is on the northeastern margin of the 
intrusion, where the dyke occurs in association with and prob- 
ably cutting the hornstone. It was found as large angular 
blocks in the heavy maple bush which here covers the slope of 
the mountain, but is undoubtedly in place in the immediate 
vicinity. The rock is very dark gray in color and very fine in 
grain, and belongs to the camptonites. It has a porphyritic 
structure, the very numerous phenocrysts consisting of horn- 
blende and pyroxene. The hornblende phenocrysts are deep- 
brown in color and strongly pleochroic, the mineral being the 
same basaltic hornblende described in the essexite. The pyrox- 
ene of the phenocrysts is pale purplish in color and shows a 
marked dispersion of the bisectrices. Both minerals have very 
perfect crystalline forms. The plagioclase of the rock is very 
basic in character, as shown by its high extension. The rock 
resembles very closely certain occurrences found on Mount 
Royal. The size of this dyke is not known, but it probably has 
not a width of more than a foot or two. The other dykes occur 
on the southeastern slope of the mountain by the side of the 
road leading down from the quarries here. At this locality there 
are four small dykes, the largest only a foot in width, cutting the 
essexite. These are all very fine in grain and much decomposed, 
but represent two varieties of rock. Two of the smallest are 
composed of a camptonite consisting of a groundmass of browr- 
ish hornblende and plagioclase, with lath-shaped plagioclase 
phenocrysts. The other two dykes consist of a rusty weathering 
rock, made up of feldspar laths and a mass of pseudomorphs of 
limonite after some prismatic mineral, probably either zgerin or 
arfvedsonite. Professor Rosenbusch considers it to be a highly 
altered tinguaite or sélvsbergite, probably the latter. 

The several dykes, while small and unimportant in them- 
selves, are of interest in that they present the petrographical 


types regularly associated with the alkaline rich intrusions of 


the class represented in Mount Johnson. 
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The Structure of Mount Johnson.— The structure of the moun- 
tain and the character of the rocks composing it also throw 
some light on the question as to where the differentiation took 
place. In course of conversation with the foreman of one of the 
quarries in the essexite on the flank of the mountain, the writer 
was informed by him that Mount Johnson consisted of three lay- 
ers of horizontal rock; a fine-grained one on top, below which 


Fic. §.—Quarry in andose, Mount Johnson, showing vertical flow structure on 


right. 


was the coarser-grained rock of the quarry, and beneath this a 
spotted variety. Each of these layers, he considered, went through 
the mountain horizontally and could be seen outcropping at their 
respective levels on every side. The three rocks referred to 
were, as will be recognized, the fine-grained essexose, the 
andose, and the transitional rock below the latter, respectively. 
The pulaskite zone he had not noticed, it being at the base of 
the mountain and in many places more or less covered with fallen 
blocks and talus. If this were the true interpretation of the 


structure, the mountain would have to be considered as the rem- 
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nant of a laccolite which had been intruded between the horizon- 
tal Silurian strata and which had subsequently been almost 
entirely removed by peripheral denudation. This has been 
shown to be the true explanation of the origin of some of the 
occurrences, formerly supposed to be intrusive stocks, in the 
western portion of the United States, and it was at first consid- 
ered as a possible explanation of the origin of Mount Johnson. 
A careful examination of the mountain, however, shows that 
such an explanation of its origin is untenable, and that it is a 
true neck, due to the filling up of a nearly circular perforation 
in the horizontal strata of the plain, by an upward moving 
magma. 

The evidence of this is to be found in the direction of the 
banding or fluidal arrangement of the crystals in the essexite 
already referred to and shown in Fig. 5. This fluidal arrange- 
ment is seen in most large exposures of the essexite and with 
especial distinctness in the great faces of this rock exposed in 
the quarries on the mountain side, and it is always vertical, show- 
ing that the movement of the rock was upward through the pipe, 
and not outward and horizontally over the pulaskite, as it would 
have been in the case of a laccolite. Furthermore, in several 
cases when the fluidal arrangement is very distinct and has a 
somewhat banded character, as shown in Fig. 6, due to the 
alternation of somewhat more feldspathic portions of the rock 
with others richer in iron-magnesia constituents, a strike can be 
made out on horizontal surfaces, and this strike curves around 
the mountain, following its marginal outline, as shown in the 
map, Fig. 2. 

It is thus clear that Mount Johnson is a neck in its most typi- 
cal form. <A cross-section of the mountain is shown in Fig. 7. 
The opening occupied by the intrusion was in all probability 
formed by the perforation of the horizontal shales at this point 
by the explosive action of the steam and vapors preceding the 
eruption proper, as it presents exactly the features reproduced 
by Daubrée in his highly suggestive experiments on the pene- 


trating action of exploding gases. It is, in fact, what he terms 


a dtatréme. 
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Des perforations aussi remarkables, tant par leurs formes que par les 
communications qu’elles ont établies avec les profondeurs du sol, constituent, 
parmi les cassures terrestres, un type assez nettement charactérisé pour 
mériter d'étre distingué par une dénomination précise et cosmopolite. Le 
nom de diatréme rapelle l’origine probable de ces trouées naturelles, véri- 
tables /unnels verticaux, qui se rattachent souvent, comme un incident par- 


ticulier, aux cassures linéaires, diaclases et paraclases." 


Fi. 6.— Andose in quarry on Mount Johnson, showing vertical flow structure. 


The occurrence is one which presents a close resemblance to 
the remarkable volcanic necks recently described by Sir Archi- 
bald Geikie? in East Fife, and also to those described by Branco,3 
in Wiirtemberg. Mount Johnson, however, is a neck occurring 


re Recherches expérimentales sur le role possible des gaz a hautes températures 
doués de trés fortes pressions, etc.,’ Aud’. de /a Soc. Géol. de France, 3° série, tome 
XIX (1891), p. 328. 
The Voleantc Necks of Fast Fife. Glasgow: Hedderwich & Sons. 
Schwabens 125 Vulcan-Embryonen und deren tufferfullte Ausbruchsrohren das 


grosste Gebtet ehemaliger Maare auf der Erde. ‘Viibingen, 1894. 
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in an area which has undergone much more extensive denuda- 
tion since the time of the intrusion than in the cases above men- 
tioned, and as a consequence of this the fragmental material 
which fills some, although not all of the necks referred to above, 
has been entirely swept away. 

In view of the fact, then, that Mount Johnson is a neck or 
pipe of comparatively small sectional area, in which the differ- 
entiation is very complete, but in which the magma did not 
remain at rest, but was not long prior to final consolidation, 


= 
Fic. 7. Diagrammatic cross-section of Mount Johnson, showing the relation of 


the several rock types. 


moving upward, it seems improbable that the marked differen- 
tiation of the magma into the several varieties described in this 
paper took place while the magma was in the pipe itself. The 
evidence points rather to the differentiation of the mass having 
already taken place in the reservoir of molten rock beneath, 
which was tapped by the pipe. If this be the case, it would 
seem that the upper and more acid portion of the magma, rep- 
resented by the lighter pulaskite, had collected in the upper 
portion of the reservoir, and that the essexite formed a lower, 
more basic, and heavier stratum or part. When the passage to 
the surface was opened up, the pulaskite would first rise in it and, 
after a more or less long-continued flow, being followed by the 
essexite, would be pressed toward the circumference of the pipe, 
the more basic rock occupying the central portion of the passage, 
and the most basic variety, originally lower, would be found in 
the central axis of the neck. The fact that, while the essexite 
forms the mass of the intrusion, there is a zone of pulaskite 
about it, would seem to indicate that there had not been at this 
center of volcanic activity any very protracted outpouring of the 


essexite, since, had this been the case, it would seem probable 
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that the pipe would have in time been cleared of the earlier 
pulaskite magma. 

The interesting question of the succession of the eruption of 
the several magmas in this petrographical province, as well as 
the causes of their differentiation, can be more profitably dis- 
cussed when the other centers of eruption have been more 
thoroughly studied. It is interesting to note the cumulative 
evidence in favor of differentiation as an explanation of the 
origin of these and similar groups of rocks, arising not only from 
the repeated association of the various members of the group 
at many centers in a single area like that described in the 
present paper, but also at centers widely separated from one 
another in different parts of the world. The occurrences 
described by Ramsay" in the Kola peninsula may be especially 
noted in this connection as closely allied to those of the Mon- 
teregian hills, a soda-syenite (umptekite) occurring about the 
margin of an intrusion of the nepheline-syenite which constitutes 
the massive, while theralite is also found as a differentiation 
product of the same intrusion. 

The author desires to acknowledge his indebtedness in con- 
nection with this investigation to Miss Rosalind Watson, of 
Victoria, B. C., who, when a student at this university began the 
study of Mount Johnson; also to Professor Rosenbusch, Professor 
Iddings, and Professor C. H. McLeod for valuable aid during 


the course of the work. 
Frank D. Apbams. 
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FORAMINIFERAL OOZE IN THE COALMEASURES 
OF IOWA. 


Last summer the writer gathered a number of specimens of 
the marls, shales, sandstones, and limestones from the Missourian 
stage of the coalmeasures in Fremont and Mills counties in Iowa. 
It was desired to study more closely their mechanical structure. 
A number of the samples were cut and polished, and many were 
crushed and washed, and the fragments separated by means of a 
series of sieves, and then examined under the lens and the 
microscope. In the course of this work several minute fossils 
were observed tha. would otherwise have escaped my attention. 
Among such were various apparently chitinous denticles and 
plates of brown color, some resembling in form the jaws of 
Nereidavus, described from the Devonian, and other forms, 
more frequent, resembling fragments of the radule of gastero- 
pods. 

More frequent still were several kinds of foraminifera, such 
as an Endothyra, a Textularia, and an Ammodiscus. The deli- 
cate tests of these little animals were found to be quite generally 
distributed through the whole section of the Missourian in these 
two counties, excepting arenaceous strata. In rocks which had 
been leached and weathered they were not to be found. Such 
frail shells are evidently the first to suffer from oxidation and 
leaching. 

The upper part of one ledge of limestone was found to be 
really an indurated ooze composed almost wholly of the shells 
of an Ammodiscus. It consisted of microscopic tubes, irregularly 
curved and twisted. The rock might be described as consisting 
of a feltwork of such tubes, with the interstices filled with trans- 
parent compact calcareous material. This ledge is in the upper 
part of the main quarry rock in the bluffs in section 16 in Lyons 
township in Mills county. It was also noted in the same posi- 
tion in these ledges in the bluffs, six miles farther south, in sec- 
tion 14, Scott township, in Fremont county. It has a thickness 
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varying from two to six inches. Evidently it was originally a 
foraminiferal ooze, which has later been indurated by the infiltra- 
tion and deposition of a strong calcareous matrix. 

The occurrence of such an ooze in the rocks of this age in 
Iowa, in close association with great numbers of Fusudina cylin- 
drica, is interesting as showing the luxuriance of the foraminiferal 
fauna of the time, and also as furnishing an additional item for 
consideration in correlating the uppermost members of the Car- 
boniferous of America with those of Europe, where the same 
forms occur at about the same level in the geological scale. A 
full account of the other fossils of these beds will be published 
in the next volume of the annual reports of the lowa Geological 
Survey. They represent the uppermost strata of the coal- 
measures in the state. It may not be amiss in this connection to 
record the fact that the author some years ago observed related, 
if not identical, foraminifera in the higher strata of the coal- 
measures at La Salle in Illinois. 

Some of the material from Iowa was forwarded to Professor 
Kk. Schellwien, of Kénigsberg, Germany, for exact identification, 
and I take the liberty to quote from his reply as follows: 

Das zugesandte stiick kalk enthailt ganz besonders hiufig die kleinen 
schilchen von Ammodisciden und zwar einmal von Ammodiscus s. Sstr., 
dann aber noch hiutiger von unregelmissig aufgerollten formen von Ammo- 
discus, welche ihnlich gestaltet sind, wie Am. inversus und die ebenso wie 
dieser zur untergattung Psammophis gehéren. Derartige formen sind bisher 
nur im Obercarbon (héhere schichten desselben) gefunden. ... . Derselbe 
kalk enthalt ausserdem eine kleine Andofhyra, welche ebenfalls am ehesten 


mit einer vorwiegend im Obercarbon beobachteten aber auch im Untercarbon 
auftretenden art, Endothyra parva MOll., ibereinstimmt. 


J]. A. Uppen. 
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THE VARIATION OF GLACIERS. VIII. 


Tue following is a summary of the Sixth Annual Report of 

the International Committee on Glaciers :? 
REPORT OF GLACIERS FOR IQOI. 

Swiss Alps.—Of the ninety-four glaciers which have been 
observed by the Swiss Foresters all, with one exception, are 
retreating. We have no reason to think that the other sixty- 
eight known glaciers which have not been specially observed 
are doing differently. The only glacier advancing in I1g01 was 
the Boveyre, in the Valais. Its advance, which has amounted to 
one hundred and eight meters in ten years, is the result of a 
large avalanche which fell upon the glacier and so increased its 
thickness as to permit a considerable increase in length before 
the ice melted. A few glaciers show a hesitancy in their retreat, 
but this does not alter the statement that the Swiss glaciers are 
receding.3 

Eastern Alps.—The greater number of the fifty-five glaciers 
observed are retreating. A small number, however, are advan- 
cing. The most remarkable of all these is the Vernagt glacier, 
in the Oetzthal, which has continued its remarkable advance and 
has gained fifty meters since 1900. Its velocity has increased 
at the same time from 210 to 250 meters a year. No glacier of 
the Alps within the last fifty years has shown so remarkable a 
growth. 

The independence of neighboring glaciers with regard to 
their advance or retreat is sometimes characteristic even of dif- 
ferent parts of the same glacier. For instance: Presena glacier, 
in the Adamello group, has three tongues; in 1901 the central 
was sensibly longer than in 1895; the other two, on the contrary, 


'The earlier reports appeared in the Jour. GEOL., Vol. III, pp. 278-88; Vol. V, 
pp. 378-83; Vol. VI, pp. 473-6; Vol. VII, pp. 217-25; Vol. VIII, pp. 154-9; Vol. 
IX, pp. 250-54; Vol. X, pp. 313-17. 

? Archives des sciences phys. et nat., Geneva, Vol. XII (1902), pp. 282-302. 

Report of Professor Forel and M. Muret. 
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were much shorter. The Gaisbergferner in the Oetzthal also 
exhibits certain peculiarities; the right half was advancing up to 
1895, but has since then retreated; whereas the left half was 
retreating from 1894 until two years ago (with the exception of 
one year, 1898-99), and is now advancing.’ 

Italian Alps.— All the glaciers observed in the Italian Alps 
are retreating. On the south side of Monte Rosa a few small 
glaciers have disappeared altogether. A historical study of the 
two following glaciers show these variations: 

Macugnaga glacier: Advance,1780; retreat, ?; great advance, 
1820; retreat, 1820-45; advance, 1845-60; retreat, 1860-81; 
advance, 1881-93; retreat, 1893—. 

Lys glacier: Advance, end of seventeenth century; retreat, 
?; advance, 1820; retreat, 1820-52; advance, 1852-59; retreat, 
1859-84; advance, 1884-89; retreat, 188g—.? 

French Alps—The only observations made of the French 
glaciers are in the groups of the Pelvoux and of the Cham- 
beyron, in Dauphine, where all the glaciers observed are in 
retreat. The glacier Blanc, which has lately been advancing, 
has joined the general retreat. The Marinet glaciers, the most 
southerly in the French Alps, are decreasing very remarkably. 
In general the glaciers of Dauphiné are retreating strongly, with 
the probability that before long some of them will entirely dis- 
appear. 

Scandinavian Alps.—One glacier in the mountains north of 
Kvikkjékle, in Lapland, retreated ten meters from 1900 to Igo. 
This may be due to the extraordinary heat of last summer, when 
the maximum temperature of Kvikkjékle was above 60° F. The 
Suotes glacier, on the other hand, has advanced fifteen to twenty 
meters since 1896.4 

Caucasus.—Al\\ the glaciers which have been visited are 
retreating, with the exception of the Devdorak, which is advan- 


‘Report of Professor Richter. These peculiarities are undoubtedly the result of 
the different parts of these glaciers being fed from different reservoirs. 

An excellent historical study of the literature of moraines has been made by Dr. 
Aucust Boum, with references to the original sources of information. Adsand. d. 


A. A. Geograph. Gesells. in Wien, tgot, Vol. III], No. 4. 


? Report of Professor Porro. 3 Report of M. Kilian. 4 Report of M. Svenonius. 
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cing. Stations have been fixed for the future study of a number of 
glaciers, and many new glaciers not heretofore known have been 
discovered. 

Nova Zembla—Colonel Wilkizky has discovered a number of 
large glaciers on the eastern side of the northern island, which 
reach the sea and form icebergs. 

REPORT ON THE GLACIERS OF THE UNITED STATES FOR 1902.' 

The ice shaken from Muir glacier by the earthquake in Sep- 
tember, 1899, still prevents steamers from approaching the glacier. 
Last summer one of the steamers succeeded in going to within 
four miles of the glacier, and the captain reports that a new 
face can now be seen over the floating ice. From his descrip- 
tions and the sketch he made it appears that the new face is 
about a mile and a half back of its former position; and the 
nunatak bounding Morse glacier on the north is now washed by 
the inlet (Davidson). It is probable also that Dirt glacier has 
been separated from Muir. 

Explorations in the Copper river basin lead to the conciusion 
that the maximum glaciation of this region was far more exten- 
sive than has hitherto been recognized. It seems that the 
Wrangell and the Alaskan mountains were the centers of a great 
ice-sheet which flowed southward well up into the Chugach 
mountains; and that the latter range also supported a contin- 
uous sheet of ice on the southern flanks? ( Schrader and Spencer). 

According to Indian tradition, Miles and Childs glaciers, 
which lie on opposite sides of the Copper river, were formerly 
united, and the river flowed under them. Between 1894 and 
1898 the southern side of Miles glacier retreated five or six 
miles, and the Childs glacier five or six hundred yards. Between 
1894 and 1902 Valdez glacier and Shoup glacier, near by, 
retreated about a mile; the latter was at the water’s edge in 
18843 ( Abercrombie). 

* Asynopsis of this report will appear in the Eighth Annual Report of the Inter- 
national Committee. The report on the glaciers of the United States for 1900 was 
given in this JOURNAL, Vol. X, pp. 316, 317. 

2“ The Copper River District, Alaska,” 7wenty-second Ann, Rept. U.S. Geol. Surv. 
A map accompanies the report and shows the location of many large glaciers, but no 
information is given regarding their present variations. 


3 The Copper River Exploring Expedition, 1899. 
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There are no reports of the glaciers of Mount Hood and 
Mount Adams, but there was a greater snow-fall on Adams in 
1902 than in 1901; and even in 1901 the snow lasted very late, 
being still in the timber in the middle of August (Rash). 

A dozen small glaciers about the heads of Kern and King 
rivers in the Sierra Nevada mountains of California have receded 
slightly in the last few years (M/wr). The snow-fall in these 
mountains has been below the average for some years (Le 
Conte). 

In the Rocky mountains of Colorado also the snow-fall for 
the past three years has been deficient and the summer melting 
excessive. As a consequence Arapahoe glacier is rapidly retreat- 
ing, as shown by masses of débris-covered ice in advance of, and 
disconnected from, the glacier. Also a recently deposited 
moraine which stands about forty feet above the present level of 
the ice is so extremely fresh that the fine gravel and mud 
have been scarcely affected by the rain. Professor Fenneman 
thinks the ice was level with it within a year, which indicates a 
melting down of forty feet in that time. Photographs taken in 
former years show this moraine standing above the ice; so 
that, if the conclusion drawn above is correct, the Arapahoe 
glacier has experienced unusually violent fluctuations within the 
past few years. This small glacier, with an area of about a 
quarter square mile only, apparently exhibits the phenomena of 
the blue bands and stratification extremely well’ (/enneman). 

A number of glaciers in northern Montana have been visited 
and mapped during the past summer. They are the remnants 
of much larger glaciers; only one or two have areas approach- 
ing three square miles. They appear in general to occupy 
shelves on the mountain sides and are broader than they are 
lony. So far as could be observed, their moraines show that 
they are shrinking (/. £. Matthes, by permission of the director of 


the U. S. Geological Survey). 
Harry Rep. 
GEOLOGICAL LABORATORY, 
JOuUNS TLorKINS UNIVERSITY, 
April 8, 1903 


™ The Arapahoe Glacier in 1902,” this JOURNAL, Vol. X (1902), pp. 839-51. 


THE PRE-POTSDAM PENEPLAIN OF THE PRE-CAM- 
BRIAN OF NORTH-CENTRAL WISCONSIN. 

THE region of central and northern Wisconsin consists princi- 
pally of various igneous and sedimentary rocks of pre-Cambrian 
age surrounded and overlapped on the southeast, south, and 
southwest by nearly horizontal beds of Paleozoic sedimentaries 
having a slight dip downward and away from the central core of 
the pre-Cambrian. The highest portion of the pre-Cambrian 
region is the divide between the waters of Lake Michigan and 
the Mississippi river on the south and of Lake Superior on the 
north, This divide lies from fifteen to thirty miles south of 
Lake Superior and trends in a direction slightly north of east 
into northern Michigan. The surface of the pre-Cambrian is 
gently sloping, with a more gentle inclination to the south than 
to the north. 

The present paper describes the physiography of the south- 
ward-sloping portion of the pre-Cambrian area and _ particularly 
that part in central Wisconsin’ in Taylor, Lincoln, Marathon, 
Portage, Wood, Clark, and Jackson counties which is adjacent 
to the Paleozoic area. A part of this section of the state is 
either free from drift or very sparingly covered with drift of one 
or more of the earlier glacial epochs, and is thus better adapted 
than other portions of the Lake Superior region for a study of 
the older non-glacial features of the land surface. The physi- 
ography of this area, including also the post-Cambrian of the 
southern part of the state, has been referred to by Professor 
Van Hise?’ in a brief description of a base-level in central Wis- 
consin, a reference to which is again made in a later part of this 
paper. 

Surface feature of the pre-Cambrian.—I\f one should climb the 
hill immediately northwest of Wausau and look eastward across 

*See Plate 1, Atlas of the Geology of Wisconsin, 1881, or Plate 1, Bul’. JV, Wis. 
Geol. and Nat. Hist. Surv. 


? Science, Vol. IV(1896), pp. 57-9. 
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the narrow valley of the Wisconsin to the flat-topped uplands, 
ridges, and valleys beyond, he would see that the uplands rise 
approximately to his own elevation and form an even crest-line 
along the horizon. If he should look northward, the even sky- 
line would be seen to rise gently but persistently to the northeast. 
Looking to the west, the even crests of the hills are seen to 
return to an elevation equal to his own. However, if he should 
turn to the south, Rib hill and the adjoining Mosinee hills, six 


Fic. 1.—-View looking east across the Wisconsin valley to the even-summited 


upland of the dissected peneplain. At Wausau. 


miles southwest of Wausau, would rise before him and obstruct 
his view of the even sky-line which swings away beyond and 
falls not only far below the summit of Rib hill, but also much 
below his own position, The even-summit surface of the main 
upland area is the most striking feature of the landscape and at 
once suggests an ancient plain sloping upward to the north, 
below which the Wisconsin river and its tributaries have sculp- 
tured their valleys, and above which project a few isolated pointed 
ridges and hills like Rib hill and the Mosinee hills. 

Rock structure of the pre-Cambrian.—I\f the observer should 
now descend the upland and note the character of the rocks 


exposed along the valley sides and on the flat-topped uplands 
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of the vicinity, he would see a wide variety of massive and 
schistose igneous rocks alternating with formations of metamor- 
phic sedimentaries. Wherever the rocks are exposed, their 
schistosity and bedding are seen to be dipping steeply at various 
angles, and along the valley bottoms the streams flow over their 
upturned edges. Hand specimens chipped from ledges show 
rock crumplings on a minute scale; and the dipping beds of 


hillsides are the remnants of large rock folds that once roofed 


Fic. 2.--View looking west across the valley of the Little Rib river, showing the 


even upland of the dissected peneplain. Seven miles northwest of Wausau. 


over broad spaces from a few hundred to a thousand feet across. 
Everywhere the rocks stand on edge and are folded and crum- 
pled, and reveal a structure like that seen in the Alps, the 
Alleghanies, or the Rocky mountains. 

While the rocks of the pre-Cambrian area have typical moun- 
tain structures, there is nothing in the present land surface to 
suggest mountain topography. The dipping beds and schists 
stop abruptly at the even sky-line formed by the crests of the 
flat-topped hills. There is thus an entire lack of sympathy, a 
striking unconformity, between the gently sloping summits of 
this main upland area and the internal structure of the rocks. 
This indifference of surface form to internal structure could be 
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developed in only one way ; namely, by the process of degrada- 
tion of a pre-existing mountainous region. 

Discordance of land surface and rock structure of other 
regions like that of this pre-Cambrian area has been so adequately 
explained and so generally accepted by geologists for the last 
two or three decades, as the resultant of long-continued erosion, 
that it seems reasonable to conclude at once that the sloping, 
flat-topped uplands about Wausau are the remnants of what was 


| 
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Fic. 3.—View of the beveled pre-Cambrian rocks on the west side of the Wiscon- 
sin river one mile south of Stevens Point. This is at the border of the sandstone and 
crystalline districts, and here the level of the river practically coincides with the level 
of the ancient peneplain. ‘The view shows decomposed gneiss overlain by the river 
sand and gravel, the sandstone and residual clay having been eroded. On the oppo- 
site bank of the river sandstone caps residual clay, the latter grading down into the 


partly decomposed gneiss. 


formerly a nearly level land surface due to the wearing down by 
erosion of a once mountainous region to an approximate plain. 
The mountain folds of the pre-Cambrian have been cut off by 
erosion at the even sky-line of the area, just as the fibers of a 
great tree are cut across at the even surface of its sawed stump. 
The complete degradation of the mountains was not accom- 
plished, as is evidenced by such isolated hills as Rib hill and the 


Mosinee hills which project above the flat-topped uplands, and 
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hence the region must have been, not a plain, but a peneplain of 
erosion. 

In retrospect, the pre-Cambrian area was once a mountainous 
region. Subsequently the mountainous area was worn down by 
erosion to a peneplain, and must necessarily have been near sea- 
level. Ata much later period the peneplain was uplifted to its 
present elevation, and again subjected to a period of erosion 
which is continued into the present time. Out of this ancient 
plain of erosion the present valleys about Wausau are seen to be 
in process of construction, and hence the region may be 
described as a dissected peneplain. 

Present slope of the peneplain—Since the topography of a con- 
siderable portion of this region has recently been mapped, the 
elevation of a part of the peneplain is definitely known. At 
Wausau the elevation of the dissected peneplain represented by 
the summits of the even-crested uplands is approximately 1,420 
feet above the sea. About twenty miles north of Wausau, in 
the vicinity of Merrill, it is between 1,550 and 1,600 feet above 
sea-level. North of Merrill the thick drift of the Wisconsin 
Epoch is present, and the exact elevation of the pre-Cambrian 
is not known; but the slope upward to the north, so far as 
known, is about the same as it is between Wausau and Merrill. 
Going south of Wausau about twenty miles to the vicinity of the 
boundary of Marathon and Portage counties, the slope gradually 
descends to an elevation of about 1,200 feet, and twenty miles 
still farther south, in the vicinity of Grand Rapids, at the border 
of the Potsdam sandstone, the plain is 1,000 feet above the sea. 
The descent of the peneplain from seven miles north of Merrill 
to Grand Rapids, a distance of about sixty miles, where cleva- 
tions are definitely known, is between 550 and 600 feet. 

Valleys in the dissected peneplain—The Wisconsin river from 
Merrill to Grand Rapids has carved a U-shaped valley with steep 
sides and variable width in the dissected peneplain. North of 
Merrill in the region of thick drift the valley is either post- 
glacial or much modified by glacial deposition. That part of 
the valley between Merrill and Wausau in the area of old thin 
drift has a depth of 200 to 300 feet (see Plate I, Fig. 1). The 
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Wisconsin valley gradually grows shallower toward the south, 
so that at twenty miles south of Wausau the valley bottom is 
only about 100 feet below the peneplain, and twenty mules still 
farther south, at Grand Rapids, the valley has no depth in the 
pre-Cambrian, but is on a level with the more rapidly descend- 
ing slope of the peneplain. The branch rivers of the Wisconsin, 
such as the Big Rib, Big Eau Pleine, and Little Eau Pleine on 
hte west, and the Pine, Trap, and Eau Claire on the east, are 


Fic. 4.—View of the dissected peneplain looking northwest one mile northwest 


of Wausau. The even sky-line in the distance is the ancient peneplain out of which 


the intervening valley of the Little Rib river has been sculptured. 


U-shaped for about one-quarter to one-third of their distance 
from the Wisconsin, and then pass into narrow V-shaped valleys, 
and finally into broad V-shaped valleys near the flat-topped 
uplands. North of the branch rivers just named the drift is 
very thick and the side valleys, like the Wisconsin, are either 
wholly post-glacial or much modified by glacial action. South 
of these branch rivers the side valleys, like the valley of the 
Wisconsin, gradually grow shallower until their floors coincide 
with the level of the peneplain. 

The undissected portion of the peneplain—As one goes south 
from the vicinity of Wausau, the dissection of the peneplain 
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gradually grows less, and the Wisconsin valley, and also the side 
valleys, as already stated, gradually grow shallower, until their 
floors coincide with the level of the peneplain (compare Plate I, 
Figs. 1 and 2). Cappings of erosion remnants of Potsdam sand- 
stone begin to appear in the slightly dissected peneplain in 
northern Wood and Portage counties, and become quite numer- 
ous about Grand Rapids at the border of the continuous sand- 
stone district. For some distance into the sandstone district 
south of Grand Rapids, at the rapids of Grand Rapids, Port 
Edwards, and Nekoosa, the Wisconsin river has exposed crystal- 
line rock, showing the latter in the river bottom and the over- 
lying, nearly horizontal Potsdam sandstone outcropping above it 
in thin patches along the river bank, whence the sandstone 
extends in low ridgy exposures dotting the low plain of the sur- 
rounding sandstone district. The dissected peneplain about 
Wausau thus gradually changes to the undissected peneplain 
about Grand Rapids, where it is covered with thin sandstone 
outliers, and for some distance into the sandstone district the 
pre-Cambrian rocks are seen only in the river bottom, the adja- 
cent flat-lying land being covered with Potsdam sandstone. 
West of the Wisconsin river are the Yellow and Black rivers, 
which also lie athwart the pre-Cambrian and Cambrian districts. 
The Yellow in its upper course flows through the region of thick 
drift covering a few sandstone outliers. A short distance south 
of Marshfield the thick drift ceases, and from here as far south 
as Dexterville, a distance of twenty miles, the Yellow has 
exposed the pre-Cambrian in the river-bed, showing at numerous 
places thin cappings of the sandstone lying above it along the 
river bank. The descent of the pre-Cambrian surface along the 
Yellow river is approximately between 11 and 12 feet per mile. 
The Black river above Neillsville also lies in the region of thick 
drift and sandstone outliers, but south of Neillsville to Black River 
Falls—a distance of twenty-two miles—through the low plain 
of the thin drift area the Biack shows almost continuous crys- 
talline rocks in the river bottom, with sandstone cappings above 
them along the bank. The rate of descent of the crystalline 
area along the Black river from Neillsville, with an elevation of 
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996 feet, to Black River Falls, with an elevation of 812 feet, is 
about g feet per mile. 

Slope of the sandstone district-— The sandstone district of south- 
central Wisconsin south of the vicinity of Grand Rapids and 
between the resistant Cambrian area on the north and the region 
of hard limestone rocks of the southern part of the state is pre- 
eminently a broad valley bottom plain dotted here and there 
with isolated peaks and mounds of sandstone. While there is 
considerable alluvial wash in the flat-lying sandstone district, 
the main features of the area, the broad plain and isolated 
peaks, are due to long-continued erosion. <As stated by Salis- 
bury and Atwood ' for the vicinity of Camp Douglas: “ Here the 
broad plain, extending in some directions as far as the eye can 
reach, is as low as it could be reduced by the streams which 
developed it.” The sandstone district is therefore a graded val- 
ley plain sloping upward to the north, and isolated mounds and 
peaks are the disappearing remnants of divides of an earlier, 
less eroded sandstone region. From data of elevations along 
the various railroads extending across the sandstone district it 
is found that the slope of the valley plain is upward to the 
north at the rate of about 2 feet per mile. The slope upward 
from Kilbourn City to Grand Rapids across the entire width, 
north and south, of the sandstone district is only about 100 feet 
in about 55 miles, and thus 2 feet per mile may reasonably be 
considered an average slope for the sandstone district (see Plate 
I, Fig. 3). As already stated, from the vicinity of Merrill to 
Grand Rapids the southward pitch of the peneplain slope of the 
main pre-Cambrian area is 550 feet in 55 miles. The downward 
slope of the sandstone district from Grand Rapids to Kilbourn 
City is only about 100 feet for an equal distance of 55 miles. 
Thus there is an abrupt change of slope in the main land surface 
at the border of the sandstone and crystalline districts. The 
surface of the dissected plateau north of Grand Rapids is there- 
fore not continuous in slope with the surface of the sandstone 
district south of Grand Rapids. On the other hand, as already 
shown, the beveled surface of the pre-Cambrian continues south- 


' Bull. V, Wis. Geol. and Nat. Hist. Survey, p. 51. 
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ward along the beds of the Wisconsin, Yellow, and Black rivers, 
beneath the Potsdam sandstone, in a plain sloping southward 
with a pitch the same as that of the peneplain farther north. 

The age of the peneplain—The deeply dissected peneplain 
about Wausau thus passes into the slightly dissected peneplain, 
covered with isolated sandstone remnants, in northern Wood and 
Portage counties, and at Grand Rapids, Pittsville, and Neillsville 
it is seen to slip under the Potsdam sandstone and become a 
buried peneplain (see Plate I, Fig. 3). Hence we must conclude 
that this peneplain was made in pre-Potsdam time. 

Monadnocks in the dissected peneplain.-—I1n our view at Wausau 
it was noted that certain hills and ridges project above the flat- 
topped uplands of the pre-Cambrian area. These are the Mosi- 
nee hills and Hardwood hill, which are conical, and Rib hill, 
a sharp ridge. The above-named hills consist for the most part 
of very coarse resistant quartzite, and for this reason they were 
not worn down during the general degradation of the surround- 
ing area. These monadnocks, with their pointed crests, are in 
marked contrast with the flat tops of the uplands forming the 
peneplain. They are the remnants of a land surface older than 
the even-crested hills, and are typical monadnocks like Mount 
Monadnock of New Hampshire, which bears a similar relation to 
the peneplain of erosion of southern New England. Rib hill, the 
most prominent of these monadnocks, has a elevation of 1,942 
feet above the sea and of 500 feet above the surrounding dis- 
sected peneplain. Its summit reaches over 700 feet above the 
alluvial plain of the Rib and Wisconsin rivers lying at its base, 
and it has the distinction of being one of the highest hills in 
the state. 

Monadnocks in the slightly dissected peneplain.— About thirty- 
five miles southwest of Wausau at Arpin, in central Wood county, 
is Powers bluff, consisting of fine-grained quartzite and chert, 
whose elevation is not known, but which apparently reaches 
about 300 feet above the surrounding area of the slightly dis- 
sected peneplain. This bluff stands in the midst of isolated thin 
sandstone remnants lying upon the surrounding crystalline plain, 


and wrapped about its base are patches of Potsdam conglom- 
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erate. Powers bluff bears the same relation to the surrounding 
slightly dissected peneplain that Rib hill bears to the deeply 
dissected peneplain about Wausau. In adjacent parts of Wood 
county, and also in Jackson county, there are monadnocks of 
massive resistant granite, some of which rise from 50 to 100 feet 
above the general slope of the pre-Cambrian plain. 

rom the foregoing it has been concluded that the pre-Cam- 
brian land was a worn-down country, a peneplain of erosion, before 
the Potsdam sandstone was deposited upon it, and that later it 
was elevated, and through the work of erosion is in the process 
of being uncovered and dissected. The evidence upon which 
the pre-Potsdam age of the crystalline peneplain is based, is the 
uniformity in slope of the dissected and buried portions of the 
pre-Cambrian land. Ordinarily such evidence as this would be 
deemed conclusive, and it may be so considered in this instance; 
but, besides the evidence of the uniformity in slope, which may 
be considered physiographic, there are other geological evi- 
dences in the partially uncovered portions of the pre-Cambrian 
area which also point clearly, it is believed, to the pre-Potsdam 
age of the peneplain. 

Residual clay at the surface of the pre-Cambrian.— Lying at the 
contact of the gently sloping pre-Cambrian and the Potsdam, 
apparently everywhere except about the pre-Cambrian monad- 
nocks, is a widespread formation of partly decomposed crystal- 
line rock and clay. The clay occurs not only at the edge of 
the sandstone outliers and along the river banks at the margin 
of the sandstone district, but, as shown by a number of well- 
borings, it is also at various distances from these now exposed 
places and beneath a widely variable thickness of sandstone. 
The clay varies considerably in thickness, but generally has a 
depth of 10 to 20 feet, though in places it is known to reach the 
unusual thickness of 40 feet. It occurs in such abundance that 
it has been used quite extensively for many years for making 
brick, and is outlined on Dr. E. R. Buckley’s map’ of the clay 
deposits of Wisconsin and shown to be distributed along the 
boundary of the crystalline and sandstone district. It contains 


' Bull. V1, Wis. Geol. and Nat. Hist. Surzv., Plate 1. 
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no evidence of sedimentation, and hence could not have been 
deposited by water. On the other hand, as pointed out by 
Irving a number of years ago," there is every evidence, as shown 
by correspondence in structure and composition, as well as by 
gradation downward into the hard rock beneath, that the clay 
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Fic. 5.—-Section across the Wisconsin river valley near Grand Rapids. (After 
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formation had its origin in the weathering and decomposition of 
the crystalline rocks. It was Irving’s belief that the clay, 
though confined to the pre-Cambrian region, having more or less 
of a sandstone covering and often occurring beneath a few layers 
at least of sandstone —which fully agrees with the writer’s defi- 
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Fic. 6.—Ideal section across the Black river at Halcyon showing the shale or 
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nition of the area—had nevertheless been formed subsequent to 
the deposition of the Potsdam sandstone which covers it, instead 
of antecedent, as believed by the writer. 

In the two sections, after Irving and Buckley (Figs. 5 and 6), 
the position of the clay beneath the sandstone is clearly shown. 


t Trans. Wis. Acad. of Sci., Vol. U1, pp. 13-17; and Geol. of Wis., Vol. I, p. 408. 
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Immediately south of the Wisconsin Central Railway bridge at 
Stevens Point on the west side of the Wisconsin river relations 
similar to those appearing in the above sections are shown. At 
this place is 10 or 12 feet of decomposed pre-Cambrian rock, 
overlain by sandstone, along the river bank, while 40 feet west 
of the river is a well showing 4 feet of sandstone overlying 12 
feet of clay, and 100 feet still farther west, on the west side of 
the wagon road, on higher ground, is a well showing 12 feet of 
sandstone and below this 12 feet of the kaolinized pre-Cambrian 
rock overlying hard crystalline rock. Similar thicknesses of 
the clay formation were noted beneath the sandstone mounds in 
which the sandstone quarries are located, on the west side of the 
river at Stevens Point. An instance of a sandstone mound over- 
lying the clay is shown in the diagram (Fig. 8). About a mile 
north of Stevens Point is located the Langenberg brickyard, the 
source of the clay here used being a thickness of 15 to 20 feet 
of the decomposed pre-Cambrian schists. This clay bed is 
about a mile and a half from the Wisconsin river and is not 
overlain with sandstone, though the latter formation lies at a 
higher level, forming a low broad hill one-fourth of a mile to 


the north. 


rence of a variable thickness of decomposed pre-Cambrian 
lying beneath an equally variable thickness of the Potsdam 
sandstone. The relations shown in the above sections are found 
wherever the sandstone and pre-(ambrian occur, whether it be 
along the river banks or in the well sections through the sand- 
stone far from the streams. 

As already stated, it was Irving’s belief that the clays were 
formed after the deposition of the sandstone, two possible expla- 
nations’ being offered by him: one, that the clays were formed by 
processes of weathering during the existing cycle of erosion, but 
mainly in pre-glacial times; and the other, that “surface waters, 
percolating through the porous sandstone—in ancient times 
much thicker than now-—have formed natural watercourses 
along the junction between it and the less easily penetrable 


' Geol. of Vol. I, p $64. 


It seems hardly necessary to multiply instances of the occur- 
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crystalline rocks, and have thus exerted an unusual disintegrat- 
ing action; whilst the sandstone itself has subsequently acted 
as a preserver of the kaolinized rock from the ordinary eroding 
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agencies.”’ It seems hardly necessary to enter into the details of 
the explanations offered by Irving ' and accepted by Buckley? for 


the post-Potsdam development of these clay deposits. It is pur- 
posed to present in a later publication a fuller discussion? of the 
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clay and associated formations. It should be borne in mind 
that the evidence of the peneplain character of the pre-Cambrian 
land of central Wisconsin before the deposition of the Potsdam 
sandstone, which is believed to be a fact of great significance in 
' Léid., pp. 403, 464. 
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connection with the origin of the clay, was unknown to Irving. 
Indeed, the idea of peneplains or base-levels of erosion had 
hardly been promulgated at the time of his writing in 1876. 
While it is probable that the processes suggested by Irving may 
have operated to some extent in the development of the clay 
formation, it is not thought that either or both combined could 
have been important factors. It is believed by the writer that 
the wide-spread occurrence of the thick deposit of clay as a sub- 
jacent formation of the Potsdam sandstone obviously points to its 
origin and its presence there before the sandstone was deposited 
upon it. This view is entirely in harmony with and strongly 
supported by what has already been stated concerning the 
geographic evidence of the peneplain character of the pre- 
Cambrian land in pre-Potsdam time; for if the pre-Cambrian 
land surface were degraded to the near level of the sea, it is very 
evident that the conditions for deep weathering and decom- 
position of the surface would prevail over large portions of the 
plain. Inthe process of degradation of the pre-Cambrian, the 
less resistant rocks would first be cut down to the limit of slope 
below which the streams could not longer transport the loose 
material from the surface, and at this stage of the degradation, 
when erosion would cease, the most favorable conditions for 
chemical metamorphism would prevail, and the weathering and 
decomposition of the rock into clay would be likely to extend 
even to depths below the level of the sea. In fact, we could 
hardly expect the degrading of a land area consisting mainly of 
the silicate minerals like the pre-Cambrian rocks, to the near 
level of the sea without considerable weathering of the flat-lying 
surface. Hence the position of the clay beneath the sandstone, 
in view of the peneplain character of the pre-Cambrian land in 
pre-Potsdam time, obviously points, it is believed, to its develop- 
ment there before the deposition of the Potsdam formation. 
Distribution of Potsdam conglomerate — About the isolated 
sandstone outliers upon the slightly dissected peneplain, and 
along the crystalline rapids in the border of the sandstone dis- 
trict there is a general absence of conglomerate, or even a 


semblance of coarse sediment, at the base of the Potsdam sand- 
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stone. In the various wells also that penetrate the sandstone to 
the crystalline rock the clay formation generally occurs and 
conglomerate is rarely or never found. On the other hand, 
about the monadnocks in the peneplain, such as Powers bluff, 
which stand well within the region of outlying sandstone rem- 
nants, and about the low mounds of ferruginous schist in the 
vicinity of Black River Falls, there is a variable thickness of 
conglomerate, as would be expected. The conglomerate about 
the monadnocks generally, if not always, contains pebbles 
representing simply the quartz rock or massive granite forming 
the monadnocks which it lies against, and in this respect the 
Potsdam conglomerate is in marked contrast with the Huronian 
conglomerates of the region with their generally complex variety 
of pebbles. 

Relative distribution of the pre-Potsdam clay and Potsdam 
conglomerate—The distribution of the clay upon the gently 
sloping pre-Cambrian, as shown along the pre-Cambrian rock 
rapids in the border of the sandstone district, and also about 
and beneath the erosion remnants of sandstone upon the slightly 
dissected peneplain, has already been described. The occur- 
rence of the simple conglomerate about the resistant rocks of 
the monadnocks is very obviously because sufficiently steep 
slopes existed at these places for the continuation of erosion 
long after the surrounding softer rocks had been reduced to a 
grade too low for erosion. The development of the conglomerate 
was very probably due to the monadnocks serving as barriers 
for the accumulation of coarse sediments by the waves of the 
Potsdam sea, in combination with stream action down the gorges 
and ravines of the monadnocks. 

Thus the widespread occurrence of the blanket of residual 
clay on the gently sloping crystalline area, indicating the deep 
weathering of the pre-Cambrian land before the deposition of 
the Potsdam sandstone, as well as the distribution of Potsdam 
conglomerate only about the isolated monadnocks, is completely 
in harmony with the geographic evidence of the peneplain char- 
acter of the pre-Cambrian land, and may therefore be considered 
as additional proof of the pre-Potsdam age of the peneplain. 
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Value of residual clays as evidence of unconformity —True basal 
conglomerates have been quite generally used for many years by 
geologists as evidence of unconformity. The occurrence of 
residual clays or soils as evidence of unconformity has, so far as 
known to the writer, been used only in connection with the 
determining of the stratigraphy of the various Pleistocene depos- 
its. If the explanation of the origin and age of the thick resid- 
ual clays here described be the true one, and if old soils can be 
used as evidence of unconformity between the comparatively 
recent deposits of the Pleistocene series, then it seems to the 
writer that residual clays and soils between other unconformable 
series should occur, and that the presence of such residual depos- 
its may be used as important criteria for establishing the uncon- 
formity of rock formations throughout other parts of the geo- 
logical column. As formations indicating unconformity, basal 
conglomerates would belong to the first formation of the upper 
series, whereas the residual clays would be closely related to the 
lower series, but originating during a part or the whole of the hiatus 
between the deposition of the lower and the upper series. Basal 
conglomerates and residual clays would not likely be found in con- 
tact, but the former would be expected to be found covering hilly 
land surfaces and rocky coast lines, whereas the latter would be 
found on gentler slopes, where the forces of erosion were relatively 
inactive or wt/. The fairly uniform and widespread occurrence of 
thick residual clays might well be considered as strong evidence 
of the base-leveled condition of the land floor upon which the 
overlying series was deposited ; but isolated occurrences of such 
residual deposits should only be considered as an evidence of 
unconformity, for such isolated deposits are found at the present 
day in process of development in places protected from erosion, 
at all elevations above the sea. The full meaning of weathered 
zones in the stratigraphic column can therefore be understood 
only when considered with the associated geological phenomena. 

The peneplain made by sub-aérial erosion—Peneplains may be 
cut out of land areas by sub-aérial erosion—the work of rains and 
streams; by marine erosion—the work of sea-waves beating 
against a coast line; and by a combination of these processes. 


THE PRE-POTSDAM PENEPLAIN 305 


In Great Britain it was formerly believed that only sea-waves 
could accomplish the work of reducing land areas to the near 
level of the sea. But the presence of the residual clay forma- 
tions beneath the sandstone, indicating the deep weathering and 
decomposition of the pre-Cambrian surface before the Potsdam 
formation was deposited upon it, and the occurrence of simple 
conglomerate about the isolated monadnocks obviously indicate 
that the region must have been flat-lying near to sea-level a long 
time before the encroachment of the Potsdam sea. Hence the 
sea-waves could have had little or nothing to do with the level- 
ing of the pre-Cambrian to a peneplain, for the degradation was 
accomplished mainly by sub-aérial erosion long before the sea 
was present. 

The time of the construction of the peneplain and the deep weathering 
of wts surface.—The period of the uplift of the pre-Cambrian hori- 
zon and the construction of the peneplain of central Wisconsin, 
and the deep weathering and decomposition of the surface, 
must have occupied a long period, even as time is reckoned in 
geological chronology. This period is certainly somewhere 
between the age of the youngest rocks of the peneplain, the 
Upper Huronian, and the age of the sandstone overlying them, 
the Upper Cambrian. It seems very probable that pre-Cambrian 
rocks younger than the Upper Huronian, the Keweenawan, may 
also be included in this old peneplain on the south slope of the 
crystalline district, for they are abundant in the adjoining pre- 
Cambrian area on the north slope along the shore of Lake 
Superior. It seems, therefore, that this period of erosion repre- 
sents the whole of the Lower and Middle Cambrian periods, and 
that it may also have reached back some distance into pre- 
Cambrian time. The physical geography of the pre-Cambrian 
land at the close of pre-Cambrian time and at the beginning of 
Cambrian time here depicted for central Wisconsin is strikingly 
favorable for the conditions governing the concentration of much 
of the abundant iron ores‘ in other parts of the pre-Cambrian area 
of the Lake Superior region. These ore deposits are viewed by 


*“The Iron-Ore Deposits of the Lake Superior Region.” Tiwenty-first Ann. 
Rept. U. S. Geol. Surv., 1901, Part Il, p. 330. 
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Van Hise as products of weathering, thus having an origin some- 
what similar to these residual clays, but formed a short distance 
below the land surface, being “regarded as the result of the 
work of descending waters combined with progressive denuda- 
tion.” 

Probable slope of the buried pre-Cambrian.—I\t will at once be 
seen by the reader that, if, as believed by the writer on the evi- 
dence here presented, the pre-Cambrian land of north-central 
Wisconsin is an old peneplain of erosion formed in the period 
preceding the deposition of the Potsdam sandstone, it is 
extremely probable that this peneplain has a wide extension 
beyond the border of the area here described. It is not the pur- 
pose of the writer, however, to present in this paper the various 
evidences for the belief in the wide extension of the pre- Potsdam 
peneplain over the pre-Cambrian land. It might be of interest, 
however, to point out as briefly as possible the general slope of 
the surface of the pre-Cambrian beneath the adjacent area of the 
Paleozoic rocks. It may be sufficient to state that fifty-five miles 
south of Grand Rapids, at Kilbourn City, as shown in Plate I, 
Fig. 3, the pre-Cambrian surface is struck at a depth of 385 feet, 
or 515 feet above sea-level. About thirty-five miles farther 
south, at Madison, the pre-Cambrian occurs at a depth of 810 
feet, or 70 feet above sea-level. Inthe wells at both Kilbourn 
City and Madison the pre-Cambrian rock struck was called a 
shale, and it is apparently very similar to the decomposed 
clayey schists about Grand Rapids. Furthermore, no conglom- 
erate was found at the base of the sandstone. From Grand 
Rapids to Madison, therefore, a distance of about ninety miles, 
the surface of the pre-Cambrian descends from an elevation of 
1,000 feet to 70 feet above the sea, and thus the slope of the 
buried pre-Cambrian surface to the south continues in a remark- 
able manner at the same rate of descent, about ten feet per mile, 
that is exhibited by the uncovered and dissected peneplain 
between Merrill and Grand Rapids (see Plate I, Fig. 3). 
Between Grand Rapids and Kilbourn City is the Necedah pre- 
Cambrian quartzite bluff with an elevation of 1,080 feet, and 
between Kilbourn Cityand Madison arethe Baraboo pre-Cambrian 
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quartzite bluffs, whose highest points reach an elevation of 1,600 
feet. Surrounding the Baraboo quartzite are great thicknesses 
of the Potsdam conglomerate. The Necedah quartzite probably 
attained an approximate elevation of 280 feet and the Baraboo 
quartzite ranges an elevation of 1,200 to 1,400 feet above the 
surrounding pre-Cambrian plain. These two elevations of the 
pre-Cambrian surface consist of hard resistant rock and bear a 
similar relation, it is believed, to the surrounding buried pre- 
Cambrian that the Powers bluff and Rib hill quartzite monad- 
nocks bear to the slightly dissected and deeply dissected portions 
of the peneplain farther north. 

Southeast of the pre-Cambrian area and also southwest there 
is amuch steeper slope to the pre-Cambrian surface, as indicated 
by the artesian wells at Oshkosh and La Crosse. To the south- 
east are the pre-Cambrian outliers of rhyolite and granite along 
the Fox river, which are believed to have been monadnocks in 
the pre-Cambrian plain. 

The uplifting and consequent folding of the region which has 
produced the present slope of the uncovered pre-Cambrian in 
central Wisconsin, as well as its buried portion farther south, is 
outside the scope of the present paper. Briefly stated, however, 
as generally accepted,’ there is a broad anticlinal extending 
southward from central Wisconsin into Illinois, with a corre- 
sponding synclinal depression extending under Michigan on the 
east and a similar one under Iowa on the west. The uniform 
slope of the buried pre-Cambrian at Kilbourn City and Madison 
and the uncovered peneplain about Wausau is thus along 
the anticlinal. It is believed that the buried pre-Cambrian to 
the east at Oshkosh and to the west at La Crosse also hada 
common peneplain slope, in Potsdam time, with the now exposed 
portion of the pre-Cambrian, and that the greater rate of descent 
in these directions at the present time is to be explained as the 
corresponding synclinals formed in the pre-Cambrian since the 
beginning of Potsdam time. 

Contemporaneous erosion of the pre-Cambrian and post-Cambrian 
vocks.—The main features of the pre-Cambrian peneplain area 


*'T. C. CHAMBERLIN, Geol. of Wis., Vol. 1V, p. 424. 
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and the sandstone district south of the pre-Cambrian area have 
already been pointed out. The sandstone district is apparently 
a graded valley plain sloping upward to the north, and the 
isolated mounds are disappearing remnants of the divides of an 
early and less eroded sandstone region. In the sandstone dis- 
trict the main surface feature is the plain of the valley bottom 
with an entire absence of the valley sides, but as one follows 
north along the Wisconsin river into the pre-Cambrian area, 
valley sides are seen to close in upon the river, the Wisconsin 
valley becomes narrow and is carved deeper and deeper into the 
peneplain toward the north. The slope of the valley plain of 
the sandstone district from Kilbourn City to Grand Rapids, as 
shown in Plate I, Fig. 3, is upward to the north at the rate of 
about two feet per mile; but in the pre-Cambrian district the 
narrow valley bottom of the Wisconsin river rises from Grand 
Rapids, with an elevation of 1,000 feet, to Merrill, with an eleva- 
tion of 1,250 feet, as indicated in the same figure, thus showing 
a rate of ascent of about four and one-half feet per mile in the 
dissected peneplain. Throughout the course of the Wisconsin 
river in the pre-Cambrian district there are numerous rapids. 
From Nekoosa to Stevens Point across the border of the sand- 
stone district there is a series of almost continuous rapids where 
the river flows southward, there being no rapids in the westward 
course of the river flowing parallel to the border of the two dis- 
tricts. North of Stevens Point the rapids are not so numerous, 
though extensive rapids occur at intervals of ten to twenty miles, 
as at Mosinee, Wausau, and Merrill. The broad valley plain of 
the sandstone district thus assumes a steeper gradient as it 
changes to the narrow Wisconsin valley, with numerous rapids, in 
the dissected peneplain. It is believed that the steeper gradient 
and narrowness of the valley of the Wisconsin, and likewise of the 
other valleys in the pre-Cambrian area, as compared with the 
same and similarly related valleys in the sandstone area, are 
fully explained by the greater resistance to erosion of the crystal- 
line rock than of the sandstone; and if this be true, it would follow 
that the degradation of the sandstone district and the dissection 
of the pre-Cambrian peneplain were very probably contempo- 
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raneous. The dissection of the pre-Cambrian peneplain about 
Wausau, the uncovering of the buried peneplain about Grand 
Rapids, and the degradation of the sandstone district, it is 
believed, have thus gone on hand-in-hand under the same period 
of sub-aérial erosion, and all phases of this work of erosion may 
be seen as one travels from the dissected pre-Cambrian pene- 
plain to the broad river plain of the sandstone district. 

Former extension of the Potsdam.— Wow far to the north over 
the pre-Cambrian land the Potsdam sandstone was once dis- 
tributed is not now known. Isolated remnants of the sandstone 
have been found by the writer within nine miles southeast of 
Wausau and four miles southwest of Medford, which are points 
much nearer the center of the pre-Cambrian area of Wisconsin 
than it was formerly supposed the sandstone occurred.’ These 
sandstone remnants far within the general pre-Cambrian area are 
hard, resistant, consolidated rocks, which would seem to indicate 
that the beds now remaining were once covered over with a con- 
siderable thickness of sandstone in order to be thus consolidated. 
It seems not unlikely, therefore, that a great part of the ancient 
peneplain of the pre-Cambrian land, perhaps the whole of it, was 
once covered with the sandstone formation and that the sand- 
stone has since been removed by erosion. 

When Van Hise? wrote his brief sketch on the base-level 
features of this region, it was his belief that the sloping sky-line 
of the dissected peneplain of the district about Wausau was con- 
tinuous with the tops of certain sandstone buttes in the Potsdam 
district, and probably with the limestone uplands of southern 
Wisconsin, and that, though the pre-Cambrian land may have 
been degraded to a low slope before the deposition of the Pots- 
dam formation, it had later been degraded, perhaps in Cretace- 
ous time, to form a continuous peneplain across the Paleozoic and 
pre-Cambrian formations. It is the thesis of the present paper 
that the clear-cut peneplain of the pre-Cambrian region is buried 
beneath the surrounding Potsdam sandstone, and therefore lies 
at the base of the sandstone buttes in the sandstone district and 


‘Plate I, Adas of the Geology of Wisconsin, 1881. 
? Sctence, Vol. IV (1896), pp. 57-9. 
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not at their tops. Professor Van Hise has since intimated his 
belief in the probability of the principal conclusion concerning 
the age of the peneplain as here presented. Whether the tops 
of the buttes in the sandstone district represent a Cretaceous or 
any other post-Paleozoic peneplain I shall not discuss. But in 
the pre-Cambrian region studied, although this part of the conti- 
nent must have been near sea-level several times since Potsdam 
time, there appears to be no evidence for the belief in the degra- 
dation of the pre-Cambrian rocks to a peneplain later than the 
period immediately previous to the deposition of the Potsdam 


sandstone. 
SUMMARY. 


in the pre-Cambrian area of north-central Wisconsin the main 
feature of the land surface is the even-summited, flat-topped 
upland area forming an even sky-line sloping upward to the 
north and having the appearance of a plain or plateau below 
which lie the valleys of the region and above which rise a few 
pointed hills and ridges. The rocks of the pre-Cambrian area 
are of various kinds of igneous formations and metamorphic 
sedimentaries, which are much folded and crumpled and have a 
typical mountain structure. The schistosity and bedding of the 
various formations dip in all directions, and the formations are 
cut off abruptly at the even sky-line of the main upland area. 
The indifference of surface form to internal structure shown in 
the plain-like feature of the upland area and the mountain 
structure of the rocks, can be explained in only one way: by the 
degradation or wearing down by erosion of a once mountainous 
region to an approximate plain. Hence it is concluded that the 
even summits of the main upland area of the pre-Cambrian dis- 
trict represent the surface of an old peneplain of erosion. The 
pointed hills and ridges consisting of hard resistant quartzite, 
like the Mosinee hills and Rib hill, were not worn down to the 
level of the surrounding flat-topped uplands consisting of softer 
rocks, and these stood up as monadnocks in the peneplain. 

The slope of the peneplain, as shown by the elevations of 
the flat-topped uplands is downward to the south at the rate of 
ten feet per mile. The slope of the plain of the sandstone dis- 
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trict south of the peneplain is only two feet per mile; and hence 
there is a distinct unconformity in the slope of the two districts. 
The dissection of the peneplain about Wausau is considerable, 
the valleys having a depth of 200 to 300 feet. Going south- 
ward toward the sandstone district, the dissection gradually grows 
less, and the valley bottoms in the pre-Cambrian gradually rise 
nearer and nearer to the level of the peneplain. At Grand 
Rapids, at the border of the sandstone district, the Wisconsin val- 
ley bottom is even with the peneplain, showing the sandstone 
along the river banks and the beveled pre-Cambrian in the river 
bottom. At Grand Rapids the slope of the peneplain to the north 
is seen to be uniform, not with the more gentle slope of the sand- 
stone district to the south, but with the less gentle slope of the 
pre-Cambrian surface in the Wisconsin river bottom. Thus it is 
shown that the deeply dissected peneplain about Wausau changes 
to the slightly dissected peneplain covered with isolated sand- 
stone remnants immediately north of Grand Rapids, and at 
Grand Rapids and also at Pittsville on the Yellow river and 
Neillsville on the Black river the peneplain is seen to dip under 
the Potsdam sandstone and become a buried peneplain. It is 
therefore concluded that the peneplain of the pre-Cambrian area 
is older than the sandstone; that is, it is of pre-Potsdam age. 

A further evidence of the pre-Potsdam age of the peneplain 
is believed to be shown by the occurrence of thick deposits of 
clay lying beneath the Potsdam sandstone. The clay is not of 
sedimentary origin, but is decomposed pre-Cambrian rock, and 
generally has a thickness of 10 to 20 feet, sometimes attaining 
a thickness of 40 feet. The residual character of the clay and 
its widespread distribution beneath a variable thickness of sand- 
stone, it is believed, point to its origin before the deposition of 
the overlying Potsdam sandstone, at a time when the pre-Cam- 
brian land was so flat-lying, that is, so near base-level, that 
conditions were favorable for the deep weathering and decom- 
position of the pre-Cambrian surface without removal by erosion. 
The absence of conglomerate at the base of the Potsdam, with 
the exception of the conglomerate beds about the monadnocks, 
which are in their simple character in marked contrast with the 
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complex variety of pebbles found in the pre-Cambrian fcon- 
glomerates, is pointed out as significant evidence in full accord 
with all the other indications pointing to the pre-Potsdam age of 
the peneplain. The occurrence of the thick deposits of residual 
clay beneath the Potsdam sandstone, indicating the deep weath- 
ering of the crystalline rocks without erosion, and thus the 7 
approximate base-leveled condition of the pre-Cambrian land a 
long time before the encroachment of the Potsdam sea, is 
adduced as significant evidence pointing to the degradation of 
the pre-Cambrian land to a peneplain by sub-aérial erosion and 


not by submarine erosion. The occurrence of the deposits of 
residual clay at the surface of the pre-Cambrian rocks suggests 
the probability that similar residual deposits may be found 
between other unconformable series, and that such residual 
deposits may be used as evidence of unconformity in other parts 
of the geological column just as the old soils and weathered 
zones in the Pleistocene deposits are used for determining the 
stratigraphy of the glacial formations. 

The probable wide extension of the peneplain over other 
portions of the pre-Cambrian area is suggested, and the contin- 
uation of the peneplain slope beneath the surrounding Paleozoic 
to the south is pointed out. The degrading of the sandstone 
district to a broad valley plain, the uncovering of the pre-Pots- 
dam peneplain at Grand Rapids at the border of the crystalline 
and sandstone districts, and the deep dissecting of the uncovered 
peneplain farther north, about Wausau, are pointed out as con- 
temporaneous processes, this work being continued through a 
long period into the present time. The probability of the former 
extension of the Potsdam sandstone over a large part of the 
peneplain of the pre-Cambrian area, if not the whole of it, is 
suggested. 

S. WEIDMAN. 

MADISON, WIs. 


EXPLANATION OF PLATE I. 
Fic. 1.—Profile extending approximately east and west through the 
deeply dissected peneplain at Wausau. The uplands rise to the same level 
to an elevation of about 1,400 feet representing the surface of the peneplain. 
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The larger stream valleys about Wausau have been carved in the peneplain 
to a depth of about 200 feet. 

Fic. 2.— Profile extending approximately east and west through Grand 
Rapids and Pittsville forty miles south of Wausau at the border of the pre- 
Cambrian and sandstone districts. Here the pre-Cambrian is covered with 
remnants of the Potsdam sandstone, and the valley bottoms are broad and 
shallow, and have no depth in the peneplain. 

Fic. 3.—Profile extending north and south through the pre-Cambrian and 
Paleozoic areas, from Merrill and Wausau through Grand Rapids to Madi- 
son. The elevation of the dissected peneplain at Merrill is 1,550 feet, of the 
partly uncovered peneplain at Grand Rapids about 1,000 feet. The buried 
peneplain has an elevation of 500 feet at Kilbourn and 70 feet at Madison. 
The dissected peneplain, the slightly dissected peneplain, and the buried 
peneplain have essentially a continuous and uniform slope downward to the 
south. Rib hill and the Mosinee hills are monadnocks in the dissected pene- 
plain, and the Necedah and Baraboo quartzite bluffs are monadnocks in the 
buried peneplain. Mosquito mound, the Friendship mounds, and Elephant's 
Back are mounds of Potsdam sandstone in the valley-bottom plain of the 
sandstone district. 
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NOTE ON THE ACTION OF FROST ON SOIL. 


Tue action of frost in altering the surface of the soil was well 
shown during the period of cold weather which prevailed over 
the Puget Sound region from February 10 to 18, 1903. During 
this time heavy white frosts formed every night, the temperature 
falling as low as 24° Fahrenheit, and ice formed three inches 
thick in open water. In the direct rays of the sun the surface 
thawed daily, but in shaded places the melting that took place 
was slight. The ground was not frozen at the beginning of the 
period mentioned. 

The first night's frost had its usual effect of raising the sur- 
face of loose ground, which was well illustrated in gravelly soil. 
A layer of ice consisting of vertical prisms five-eighths of an inch 
long formed during the night at a depth of about three-eighths of 
an inch below the surface, thus raising the overlying material 
without otherwise disturbing it. The cold of the following night 
produced a similar layer of ice almost an inch thick below the 
first one, raising the latter along with its load of sand and gravel. 
A slight thaw took place on the day after the second cold night, 
the second day of observation. Specimens taken from shady 
spots early on the following day showed three layers of frost 
(Figs. 1 and 2), of which the top one had melted down unevenly, 
being almost destroyed in some places. The larger pebbles, 
absorbing and radiating a great amount of heat during the day, 
had settled through the ice to depths varying with their weight 
and shape. 

After six nights the laminated structure presented the appear- 
ance shown in Figs. 3 and 4. In some cases the line of division 
between adjacent layers is difficult to locate in the figure, 
although it could be found in the specimens. The fifth and sixth 
nights were not quite so cold as those preceding, and it is to be 
noted that they yielded crystals of shorter growth, about three- 
eighths of an inch in length. By the eighth day all the layers 
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had shrunk by melting to such an extent that the total height of 
the eight layers was less than three inches, and the separate 
layers could be distinguished only in a few places. 

The following conditions prevailed and seem to have con- 
trolled the formation of these many-storied frost-forms: (1) 
ground which was not frozen and which was readily permeable 
to moisture ; (2) freezing temperature at night; (3) mild thaw- 
ing in the daytime; and (4) considerable moisture in the soil. 

Mitnor Roserts. 


UNIVERSITY OF WASHINGTON, SEATTLE, 


February 20, 1903. 
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NEW TERM FOR THE UPPER CAMBRIAN SERIES. 

DURING a recent revision of the classification of Cambrian 
formations, in connection with the nomenclature and classifica- 
tion to be used in the geologic atlas of the United States, it 
became apparent that the term “ Potsdam” or “ Potsdamic”’ 
could no longer be retained as the series name to include the 
various formations referred to the Upper Cambrian. It was 
used in this sense by me in 1891,‘ but this usage has led to con- 
fusion, owing to the term “ Potsdam” being retained for the 
well-known Upper Cambrian sandstone about the Adirondack 
mountains. In order to avoid further confusion, the term Savra- 
fogian is now proposed to include the various formations com- 
posing the Upper Cambrian series, leaving the term “ Potsdam ”’ 
restricted to its original application, the Potsdam sandstone. 
We shall then have the terms *“ Georgian” (Lower Cambrian), 
“Acadian” (Middle Cambrian), and “Saratogian” (Upper 
Cambrian) for the three series of formations of the Cambrian 
system. 

The type locality of the Saratogian is north and west of Sara- 
toga Springs, N. Y. The section has, at the base, about 200 
feet of evenly bedded, compact, grayish to yellowish colored 
sandstone, that rests unconformably against or upon spurs or 
ridges of pre-Cambrian gneiss. At a locality three miles north 
of Saratoga Springs the sandstone is about 40 feet in thickness; it 
is overlain by an odlitic limestone, 30 feet, and a dark gray, 
evenly bedded limestone 50 feet in thickness. In this latter 


limestone the following fauna occurs : 


Cryptozoa proliferum., Billingsia saratogensts. 
Obolus (Lingulepis) acuminatus, Matthevia variabilis. 
Platyceras minutissimum. Dikelocephalus hartti, 
Platyceras hoyti, Dikelocephalus spectosus. 
Metoptoma cornutiforme. Ptychoparia calcifera. 
Metoptoma simplex (A.) saratogensts. 


' Bull. U. S. Geol. Surv., No. 81, p. 360. 
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The Calciferous formation of the New York section rests con- 
formably on the Upper Cambrian limestone. 

The formations now referred to the Saratogian are as follows: 

Tyfe.—Sandstones and limestones of the south side of the Adirondacks, 
Saratoga county, N. Y., containing the Upper Cambrian fauna. 

Correlated.—Upper part of Cambrian limestones of Dutchess county, N. 
Y., and an unknown portion of the limestones of the “‘ Marble Belt” of west- 
ern Vermont. 

Upper part of shales of Tennessee (Knox), state of Georgia, and Alabama 
(Connasauga), and the lower part of the Knox dolomite. 

Upper part of the sandstones of the upper Mississippi valley (St. Croix), 
Upper Cambrian limestones of South Dakota, Wyoming, Montana, and Colo- 


rado. 
Upper calcareous beds of the Cambrian of northern Arizona (Tonto) and 


central Texas (Katemcy). 
Upper Cambrian limestones and shales of Nevada (Hamburg), Idaho, 


and Montana (Gallatin). 
Black shales of the upper portion of the New Brunswick and Cape Bre- 


ton Island Cambrian sections. 
Upper Cambrian shales and sandstones of Conception Bay, Newfound- 


land (Belle Isle). 


Cuarces D. Watcorr. 
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